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Roughages are. the .main sourc.e of energy in .rations. for wintering 
range beef cattle. Those most oommonly used. in Oklahoma are prairie hay 
and dry range grass. It is important tba-t these . roughages. be supple-
mented with adequate protein for efficient digesti.on .and utilization, and 
I 
that the animal be furnished additional protein to meet. its needs for 
various body functions. Ordinarily, the a,urce of protein and other 
essential nutrients in a ration is more costly. than .the source of energy. 
Thus, the provision of protein for optimum balati.c.e of nutrients in cattle 
rations becomes a consideration of major economic importance. 
There is only a limited amount of resear.ch on the effect of different 
sources and amounts of energy on protein (nitrogen) utilization .. \ Experi-
ments conducted in vitro have shown that small. amount.s of readily-available 
carbohydrate may improve cellulose c:ligestion by rumen. microorganisms. 
; , 
Different sources and amounts of energy, ~ .. ~., simple sugars, complex car-
bohydrates and fats, seem t 'o hiive different effects in vitro and in vivo • 
• 1 • ' In animals with simple stomachs, it has been shown that, under most 
- ' 
experimental conditions, ener~ intake has a marked 'effect on protein 
utilization. It, was de.emed desirable to study the effect of adding. dif-
ferent amounts and ·sources of j:lnergy (glucose, s~arch and corn oil) on 
nitrogen (protein) metabolism and on the dige stibili.ty of ration_ con-
stituents by steers fed basal,iwintering-type rations. The results led to 
further studies of the effects of corn oil .additions to the ration and 
mineral addition;:; to the fermentation media on in. vi.tro cellulose digestion. 
·-. 
1 
REVIEW OF LITERATURE· 
The Effect Of Fat On Digestibility, Nitrogen Retention 
And Feed Utilization 
Munro (1951), in an extensive review, cit.es. experiments conducted by 
European wo:tkers in the later part of the nine.teenth century in which .the 
addition of fat or carbohydrate to ruminant rations generally: increased 
nitrogen retention. 
Previous Oklahoma __ Work 
Robinson (19~8) studied the effect of fat on digestio~ and nitrogen 
utilization by ruminants. He used eight Hereford steers fed a basal 
wintering-type ration of 3000 gm .prairie hay.,. 454_gm _c.attonseed meal, 25 
gm dicalcium phosphate and 25 gm salt. Half of the steers received, in 
addition, 200 gm of refined corn oil as a source of fat. The corn oil 
which was mixed with the cottonseed meal reduced the average protein con-
tent of the basal ration from 10.1 to 9.6 percent. This addition of oil 
decreased daily urinary nitrogen excretion from .17.45 to 15.45 gm without 
appreciably changing fecal nitrogen excretion. Total nitrogen retention 
was significantly increased (P<0.05) from 21.l pe.rcent of the intake to 
24.7 percent. However, the corn oil addition significsntl.y decreased the 
apparent digestibility of crude fiber and. nitrogen-free · e.xtract. The 
digestibility of all other ration nutrients. exc.ept ether extract was. 
reduced, but · not significantly; ether extract digestibility was signi,fi-
cantly increased. It appears from these results. that the addition .of 5 




Hubbard (1957) also studied the effect of added fat_ on nitrogen 
utilization and digestibility by steers. In. this experiment, 10 p_ercent 
(400 gm) corn oil was added to a basal ration of 300_0 gm hay, 50 gm min-
erals (dicalcium. phosphate and salt, 1:1_}, 585 gm cottonseed meal, . and 
323 gm corn; protein was reduced from 11 to 10 percent. The addition of 
corn oil decreased daily urinary nitrogen from 23.2 to 22.3 ga and increased 
fecal nitrogen from 27.9 to 28.6 gm. Neither of these change.a was statis-
tically significant. Nitrogen retention (balance) :was unchanged. l'hus, 
this large amount of oil added to a higher energy ration failed to produce 
a protein- sparing effect. The oil reduced the digestibility of organic 
matter, protein, crude fiber and nitrogen-free extract . Ether extract di-
gestibility was significantly i~creased . 
Balance and Digestion Trials 
lllcas and Loosli (1944) studied the effect of added fat upon the 
digestibility of other ration nutrients by dairy cattle. In all trials 
timothy hay · and beet pulp were fed Yith a concentrate mixtur'e . The hay, 
beet pulp and concentrates were fed in the rat±o of 7 to 8 to 10 p~rts 
by weight, respectively. The only mi neral supplement was 1. percent salt 
added to the concentrate mixture . They found that the digestibilit.ies of 
dry matter, · nitrogen-free extract and crude fiber were reduced when the 
ether extract content of the diet was increased fl'(!)m 1 to 7 percent by the 
addition of corn oil or soybean oil. Crude protein. digestibility was not 
significantly altered by the fat additions . 
SWift ~t al. (1947) studied the effect of corn_ oil on apparent digest-
ibility of a fatt~ning-type ration fed to sheep. The basal ration con-
tained 420 gm mixed nay (alfalfa and timothy_ of __ excellent .. quality) 420 gm. 
\1 
'\ 4 
corn meal, and 48 gm linseed meal. The addition of 34 gm_ (4 perc.ent) of 
corn oil increased the apparent and true d ige.stibility of evecy feed con-
stituentj with the greatest increase in protein digestibility. However, 
' . 
when the amount of c.orn oil was doubled all.of. the digestion coefficients, 
except that for ether extract, were reduced to valu.es · belo:w. those obt.ained 
with the basal ration. The authors state that thi.s clearly shows that 
the larger mnount of fat is above the optimum for sheep under the con-
ditions of this experiment. In fact,the addition of the· sec0nd 34 gm of 
corn oil (319 Calories of gross energy) increa.sed the digestible energy of 
the ration by only 83 Clilories. 
A furtlier study was conducted by Swift~ al. (1948) with the same 
basal ration (Swift et al.., 1947) . The primary purp.o_se of this study was 
to determine the optimum amount of fat in rations for sheep. They fed six 
rations containing 3, 4, 5, 6, 7 ..and 8 percent .ether extract. They found 
that as the fat content of the ration was increased by the substitution of 
corn oil for soluble carbohydrate (glucose) the percentage digestibility 
of the e.ther extract increased in a regular manner. Similarly, the di-
gestibility of the nitrogen-free extract decreased regularly with each 
addition of 'fat ~ ·. There was a definite trend toward a decrease in the 
' digestibility of dry matter with increased fat in .the ration. They found 
J 
I 
' ' that when rations d:lffer~d by 3 percent of fat the differences in digesti-
bility were ·statistically significant. No co~sistent effect on dige.stibility 
of protein or crude fiber was pbtained by these workers. 
Brooks ~ a1.· (1954) reported the effect of corn oil and lard on the 
digestion of cellulose and crude protein by sheep fed rations based on 
cottonseed hulls. Three dige.stion t.rials were conducted by the chromium 
oxide indicator method with 20 crossbred yearling wether lambs in e.ach 
5 
trial. The basal ration suppleioonted with 2500 I. U. of ·vitamin. A contained 
908 gm cottonseed hulls, 94 gm casein and 6 gm chromium oxide. The sheep 
had free access ·. to salt and a mineral mixture .made up of equal parts salt, 
ground limestone and dicalcium phosphate. All sheep. lost weight during 
the trial, but the weight loss was greater for sheep fed ·the · corn oil . . than 
for those fed· th·e basal ration. The coefficients .. of digestibility of cellu-
lose and protein were reduced 52 and 17 percent, respectively, by the 
addition of 32 gm {3 • .2 percent)· of corn··oil. The·se-sheep-d:eve-loped mild 
anorexia and consumed. only 87 percent .as much feed as tho.Se in the basal 
lot during the last part of the feedin~_period. Thos~ fed 64 gm of ,corn 
oil daily consumed only 80. percent as much feed as .the .·.basal lot. They 
scoured and appeared listless. The coefficients of digestibility of cellu-
lose and protein· were reduced 70 and 36 percent, respectively.. Sheep 
receiving 32 gm of lard per day digested . 33 percent .l .ess c~llulose than 
I " ,, • .,I 
those on the basal ration. There was no apparent loss of appetit.e . and 
. 
I . , 
little change in the digestibility of prot.ein, but a , marked decrease in 
. t l ' 
cellulose digestion was noted~ Sheep receiving 64 .gm. ~f .+a:rd did . not . scour 
or appear listless, but their' feed intake was reduced 6 percent. The 
coefficient of digestibility of cellulose was 62 percent lower than in 
r,. •;:· 
sheep fed the basal ration, and the coe~ficient of digestibility of prot.ein 
was decreased 33 percent. Tpe authors cancl.uded that large amount.a of fat 
should not be adtled to high-f:i..ber rations if max~ cellulose and protein 
digestion is desired . Corn oil was more effective than lard in reducing 
digesti bility of cellulose .and protein. 
Hale and King (1955) studied the effect of ad(iecj. fat on tlle digesti-
bility- of rati ons by lDbs. Corn: -ell, prime tallow and hydrogenated 
6 
animal fat were added at Oj 4, 8 and 12 percent levels to the ration. The 
basal ration was not given but was referred to as a_standard lamb fatten-
ing ration. The added fat replaced an equal amount_ of corn: in the ra.tion. 
The 4 percent addition had little, if any, effect on digestibility of dry 
matter. The two higher levels particularly when c.o.rn :oil. was used, marked:cy-
reduced dry matter digestibility. 
Erwin et al~ (1956b) studied the effect of different feed additives 
on digestibility of dry matter, crude fiber, ether extract and protein by 
steers. They found that the addition of 7 percent fat (bleachable fancy 
tallow) to either a high alfalfa hay or a high straw ration significan.tly 
(P (0.01) reduced the digestibility of dry matter and crude fiber. 
Rhodes et al. (1956) found that when corn oil in amounts o.f 1. 8,. 3.0 
and 4 .. 2 percent of the ration replaced corn syrup in rations containing 65 
to 80 percent cottonseed hulls, the digestibility of protein and cellulose 
was significantly decreased. Nitrogen retention paralleled protein di-
gestibility. 
In two metabolism ~rials Summers tl al. (19.56) fed six groups of 
wethers (4 per group) distilled water and a semi-purified basal ration 
composed of corncobs (65 and 80 perce~t), Drackett protein, urea, corn 
syrup, "iodized Sldt-, -di:calcimn: -pho-sphat~, 1nagne13i1llll --sulfate, sulphur and 
vitamins A and D~ · I,n trial I, 3 percent corn oil added. with 30 gm of 
alfalfa ash did not affect digestibility of cell.ulose. Nitrogen retention 
was not affected. In _trial II alfalfa ash (30 gm) added al.one signifi- .. 
cantly improved cellulose digestibility, protein -digestibility and nitrogen 
retention; corn oil (2 percent) added alone significantly depressed the 
digestibility of cellulose and protein; this effect was completely reversed 
~ I 
7 
and·· nitrogen retention was. significan.tl7 impro.v.ed wh.en al:f.'all'a. ash .. wa.s 
added to the corn. oil ration. · 
Pfander and Verma (1957) studied the physic.al. factors. that .influence 
I 
the response of sheep to added. corn . oil. Twelve mature .. f'is.tiµ.ated .crass-
bred wethers were fed, in grams per day-: Cottonseed hull.a,. 900;casein, 
90; calcium diphosphat.e, 9; salt; 10.;. and vitain .. A. and .D .scmrce,. l •. 3. 
· Digestibilit7 trials were based o.n six-day total. .colle.ctions f.ollowing,l/r 
day- preliminary- periods.. The sheep were divided. into: three e.qual. .groups 
of four each·. One group was used as a control and fed, tl:i~ l;)asal rat.ion. 
The treatment groups. were. fed 46 gm of' corn oil, .mixed with .the cottonseed 
hulls before feeding .or poured into the rumen .. af't.er feeding. . .. The coe.f'f'i-
cients of' digeatibil,ity of the basal ration, the ration with fat added to 
'· 
the hulls, and with :f'at through the rumen fistula. were, respe.ctiV'elJ: 
organic matter, 50, 35 and 50; cellulose, 52, 29 e.:b.d 49; ni~rogen,. 51, 35 
and 50. Digestibilities were significantly lower, .when .. corn oil was .. mixed 
with the cottonseed hulls .. before feeding;. ho.wev:er, .. pouring .... the. same .. quantity 
cit corn oil into the .. rumen after feed did no.t .. s.ignifi .. c.an.tly afi'.e.ct dig.esti-
bility. Samples of :r;".UlUen ingests were. remov.ed.af'ter each trial at o, 5.5 
and 12 hours after feedingo Fermentation was .. stopped. and .the .. fat. was 
extracted. Within five hours after feeding., .. the qorn oiLhad .. been.hydro ... 
genated -to the extent ''th:at ·it 'WS-S --soii.d -at ·room. ·temperatttre ~ 
Ward !:!t" al. (1957) conducted two growth trials and four digestion 
\ 
trials to stud7 the effect of added corn oil, with and without alfalfa 
ash, upon the ·dige:stibility and utilization of .. rations .. centaining .. fmm ,, 
to 85 percent ground co.rncobs or cottonseed. hull.so The rati.ons fed varied 
from semi..;purified diets to rations containing all natural feedstuffs. 
8 
ill basal rations contained salt and dicalcium .phosphate~ . HoJJever, 
additional minerals were added in some of the trials • . These minerals 
were monobasic sodium phosphate, sodium sulfate, cobalt ·sulfate and 
calcium carbonate. Western-type wether5: were. used in all .trials. except 
for one digestion trial with Hereford steers. In. the growth trial.a with 
wethers, addition of either 2.6 or 10 percent corn oil reduced rate of 
gain and feed efficiency. The addition of 28 gm of alfalfa ash comple.tely 
counteracted· the detrimental effect of the 2.6 percent level of cDrn oil 
and partially counteracted the effect of the 10 pe.r.c.ent l .avel. Alfalfa 
ash was as effective as alfalfa meal. In . the digestion. trials. with sheeP,, 
addition of 2.4 percent corn oiL_to a selit,-purified diet containing ,55 
percent cottonse¢ hul.ls did not affect "bhe digef?tibility of any' compon-
ents except ether extract. The addition of 3.5 petcent corn oil to this 
ration, or the ac;ldition of 3 percent to a. basal ra~ion containing corn-
cobs, caused a significant reduction in tlie digestibility of' dry mat.ter 
and all ration c~mponents except ether extract and also caused a reduction 
in nitrogen retention. The addition of alfalfa asn partially alleviateq 
I 
the effect of corn oil . upon digestibility and. si~nificantly imp.roved nitro-
gen retention when compared. to the basal ration or the ration supplemented 
with corn oil alone. Alfalfa ash improved only slightly the digestibility 
of the low-f-at basal. arations 'U'S-ed i-n t'-he-se -tri-ala . 
Graipger ~ !Y_ .• (1957) conduct~d three digestion trials with four 
wet.hers in each treatment group. The feeding regimen included distilled 
water and a semi~~urified basal ration composed of corncobs (65 percent), 
Drackett protein, urea, corn starch, corn syrup, iodized salt, dical.cium 
( • 1 
phosphate, magnesium sulfate, sulphur and. vitamins A .. and n: In trial I, . 
6 percent corn oil replacing corn s~rup significantly .d.e.q:reased the 
I 
9 
digestibility of organic uatter, cellulose and .pro.tein; 5 percent sig-
' 
nificantly decreased organic.matter and protein digestibility:. A tr.ace 
mineral mixture .containing.iron, copper., cobalt, ... ms.nga.ne.se, zinc.and .. 
molybdenum equivalent' to ... the amounts contained .. in 30 gm alfalfa ash re-
f 
versed the effect on prote.in. digesti,hility. but. not .on organ.ic. matter .and 
cellulose digestibility. In .trial lI, a significant d.epression of organic 
matter and cellulose digestibility: by 5 percent corn oil .. was reversed by 
alfalfa ash, calcium or calcium and phosphorus equal to that contained in 
alfalfa ash. The sources oi' calcium and phosphorus were not given. The 
addition of calcium or calcium.and phosphorus.to the corn oil ration 
significantly: improved the digestion of prot.ein. . Adding trace minerals 
or phosphorus to the. corn oil ration did not all.eviate the depression of 
digestibility: of the organic matter or cellulose •. Intrial III, either 
cal.cium or calcium and phospho.rus completely reversed the depression .. of 
' , ,... 
organic matter and cellulose digestibili.tie.s produced. by 5 percent corn 
oil. Calcium and phosphorus significantly impmY:ed .the. digestion of pro-
tein when added to the corn oil ration. Calcium or calcium and.phosphorus 
did not improve tne digestibility of the basaL.ration. Corn oil. appar-
ently increased the requirement for calciumbysheep. 
Brethour et aL .... (1958), in growth and digestibility studies with 
sheep, found that the inclusion_ of a. high leveLoi' anima.1.-fat, 15 percent, 
in a basal :fattening-type ration.._containing.35 .percent cottonseed hulls 
supplemented with mila.,_ cottons.eed ·meal arid minerals (dicalcium phosphate, 
calciUilil. carbonate and. salt in .l.:l:1 ratio) significantly .re.dueed the di-
gestibility of organic. matter, and decreased weight gains •. The additi_on 
of alfalfa ash, sodium bicarbonate_ or pe.tas.s_iunL.bi.c.arbonate to the high 
10 
fat ration did not im.pre.v.e weight gains; .. in fact, both bicarbonates. tended 
to depress appetites and gains. In another experiment, it was shown that 
the addition of 10 percent corn oil reduced gains. :tegardlesa ... Gi' .. whe.ther it . 
was added to the concentrate or roughage port.ion of the :t"aticm bf3fore 
feeding. 
White et al. (1958) conducted three digestion trials with mature 
wethers fed semi,..,purified diets. The cellulos.e. in. the diets was supplied 
either by corncobs or cottonseed hulls.. The purpose of the experiment was 
to study (1) the effect on cellulose digestibility of prolonged.supple-
mentation of a ration with fat, and the subsequent rate ofreco_very follow-
ing a ration change, and (2) the active component in alfalfa ash that 
rever1:1es the depressed digestibility caused .by supplemental fat. Five 
percent oorn oil progressively decreased· cellulose digestion during the 
first 40 days of Trial 1. Recovery of oelltlos.e digestion was. not. complete 
until 17 days after the omission of corn oil.. In Trials_ 2 and J,_ .30 gm of 
alfalfa ash restored digestion of cellulose in a ration.that.contained 5 
percent corn· oil. A s:imilar~ff"Erct was produced by 4.4 gm calcium, or 
4.4 gm calcium and 0.86 gnt.phosphorus. Calcium was added as .calcium car-
bonate and phosphorus was addep as phosphoric acid.. ··The addition . of 
phosphorus (0086 gm) alone or a trace :mineral.mixture which contained 
copper, molybdenum, manganese, cobalt, iron, zinc and boron to the corn 
':. 
oil ration was ineffective in ;restoring the digestion of cellulose .. 
The effect of phosphorµs and trace mine.rals added to the basal ration 
alone was not determined. 
Tillman and'Brethour (1958) used 12 wether lambs each weighing approx-
imately 75 pounds to determine the effects of corn oil upon th'e utilization 
of dietary calcium' and phosphoruso The basal. ration· contained: 25 pe:reen.t 
11 
cottonseed hulls, 15 percent alfalfa meal, 8 percent soybean oiL meal, 40 
percent ground corn, 5o45 percent _corn starch, 5o45 percent corn s_ugar, 
vitamins A and D, salt an~ dicalcium phos_phateo __ In the corn oil ration 7 .5 
percent corn oil replaced 3o75 percent corn starch and J.75 percent corn 
sugar. The .comparative balance and isotope dilution pr.ocedures we_re used 
to determine the fecal endogenous calcium and phospho.rns. excretions. __ The 
inclusion of 7. 5 percent corn oil in a ration .in which the major .portion 
of the cellulose was supplied by cottonseed hulls did not signil'icantly 
affect the apparent digestibility, fecal endogenous excretion, true digesti-
bility, or retention of dietary phosphorus. Neither did it af.fect the 
fecal endogenous or urinary excretion of dietary c_alcium. __ This .level of 
'Gorn oil, however, significantly reduced both the apparent and true digesti-
bility of dietary calcium, the cumulative effect being a decrease in the 
retention of diet!ll.ry calcium which closel;v paralleled the increase in the 
fecal excretion of calcium. 
Davison and Woods (1959) conducted a series of digestibility __ studies 
with lambs to determine the effects of corn oil, ce-rn oil saponified with 
potassium hydroxide9 corn oil plus c_alcium carhonate and calcium carbonate 
. ' 
upon digestibility of a ration composed_ of ground cgrncobs, 45 percent; 
ground shelled corn, 32 percent, corn gluten meal.9 20 percent; salt, 1 
percent; dicaleium phosphate,, 1 percent; and vitamin A and·eohalt addedo 
Both corn oil and corn oil saponified with potassium hydroxide were found 
to decrease the digestibility of dry matter, organic matter9 protein and 
cellulose, and to increase the digestibility: of _ether extract.. Corn oil 
decreased the digestibility of ash. Calcium carbonate largely overcam,e 
the depressing effects of corn oil on digestibility when ·~dded to the corn 
oil ration and resulted in an increase in digestibility of dry matter.9 
12 
organic matter, protein and cellulose when added. to the basal ration. The 
addition of calcium ca:rbonate tended to increase nitrogen retention in 
both the basal and basal plus corn oil rations. In related experiments, 
in vitro magnesium. carbonate .was .a.s. effective as cal.cium .carbonate ... .in par-
tially alleviating the depressing effects of corn. oil upon. cellul.013e 
digestion. 
Production Trials 
Jones et al. (1942) fed steers a fattening.ration.containingapproti-
mately 6 percent cottonseed oil and reported the oil to be a satisfactory 
source of energy. 
Willey and associates (1952) fed steer calves the following type 
rations: low fat-lew energy·, low fat-high .. energy, high fat-low energy and 
high fat-high energy. Fa.t levels measured. as ether extract ranged from 
2.,84 percent in the low level ration to 7.54 percent in the high level 
ration.. The efficiency of feed utilization was .greater on· the. high ... fat 
ratic,n than cm the low-fat ration and appeared to be independent o_f_ the 
energy level.. 
In a Nebraska test, Matsushima et al. (19.53) fed steers a pelleted 
standard corn belt fattening ration (alfalfa hay, ground shelled oorn 
and soybean oil meal) containing (1) no added fat, (2) 5.5 percent 
beef tallow and (3) 5.5 percent corn oil. The average daily gail'.l~ <!>f 
steers fed these three rations were 2.11, 2.00 and 1..70 lbs, respec.tively. 
The authors stated that the corn oil became rancid and this rancidit1,' prob-
ably was the cause of an observed decrease. in feed c;,on:eumption:. Matsushima 
and associates (1955), in a contin~~tion of this w~rk,, states that the 
energy from high grade inedible fat was utilized almost as effectively as 
., ( 
13 
the energy f:tom corn when the level of fat did_ not: __ exeeed _one pound. per 
day. Some dige.stive_ disturbanc.es were observed when J:fie animals .. were fed 
one and one half- pounds daily. 
Schweigert and Wilder (1954) fed two lots_ of 12 .. steers each a. fat-
tening ration of corn, dried brewers' gra.in, __ m.0las_ses,:-:minerals and ... hay. 
One pound of stabiliz.ed. fat. :which re.pla_ced __ 2 •. 5 lhs .of_ corn in the __ basal 
ration was fE;Jd to the second gro_up of steers .. _ The .animals were on. trial 
: . 'r.. . 
109 days and ·then slaughtered. Rate of gain_ and carc_ass_ gr.ad~- was approxi-
... , 
mately the same for both groups.__ When_ the .ration oontained fat _the total 
feed intake was reduced resulting in .the_ .aame caloric intake for. each 
. I 
ratiqm. The authors were trying to evaluate_ caloric utilization_ from the 
fat as compared iio, corn rather_than_the: eoc;momy of g$ for_ each group_ on 
•? '~ .' • 
. -, 
f'ull feed. These researchers cer.icluded ___ that since> carcass g.rades and rates 
ef gain were• a·l.mo.st. the _same for bo.th___grcmps.,. __ the .. an.ilRal. fat had _an . energy values 
tvo and one-half times that of the _ corn. . 
Kurmlade and Butler (1954) conducted a .fattening experiment with lambs 
in which they added.fat (special grade tallow>' ~t the O, 5, 10 and 1.5 _per-
~ent levelso " All four rations .. contained._ ?o.5 percent cctwnseed :meal, .10.0 
l 
percent molasses. and 45o'O_per.cent alfalfa. hay. __ An. e.qual amount sf sorghum 
grain Was replaced by each fat additiG>n and the percent :Sor_ghmLgrain in 
the rations oontaining o, 5,-lO~ and 1-5 percen:t_,_fat wa-s- ~q o 5, 320 5, 27 o 5 
and 22c5, respectively. .They obtained greater feed .efficiency and L,wered 
cost of gain for l~bs fed rations _containing_ 5 and 10 percent .fat. There 
were no significant differences among gains or .. car¢ass :weights .. sf any: of 
the groupso 
Hentges et a.lo (1954) conducted an experiment which;indicated.that 
waste beef fat could satis.factorily replace up to 5 pe_rcent of the 
'-
14 
concentrate in steer fattening rations. The ration 'Used in this experiment 
was not given. These workers oonducted a 154-day feeding trial in which 
they fed rations containing O, 5 and 10 .per.cent .. additional _fat. These 
rations produced daily _gains of 1.8, 1.9 a:nd 1. 5 lbs, respec.tively. 
Erwin et .aL (1956a) studied the effect of 7 percent fat (blea.chable 
fancy tallow) and low-quality roughage diet.a fed . to. steers. In the 183-day 
feeding period, they found that the addi tio_n of 7 percent fat signific.antly 
increased rate of gain of steers fed rations ranging from 50 to 83 percsnt 
alfalfa hay, and that it significantly reduced the rate of gain of steers 
fed rations containing the same quantities of wheat straw. 
Matsushima et al. (1957) c~mpared the performance of animal.a fed dif-
ferent levels of energy with varying l.evels .. of protein in beef cattle 
fattening rations . The feeds used were chopped alfalfa hay, ground shelled 
corn, ground corncobs, dried molasses, .soybean oil mea·1, urea and tallow. 
All rations CG>ntained 15 percent chopped alfalfa a:ni:I the other ration com-
ponents were varied to obtain tlie desired p.ro.tein. and. energy content. A 
total of nine different treatmerits. or rations were ;included . in this .test. 
These .rations coptained three levels of protein low; medium_ or high. The 
medium level · was that reco~ended by the Natio.nal Research Council. The 
rations with the. low _level of protein were calculated tb be .·approximately 
18 percent ~elow. the recommend.ed .level and. tho.s.e ..ollith . .the ·high level. of 
protein-were approximately 18 percent above the recommended level~. •These 
rations were adjusted to prqvide different levels. of energy (low, medium 
and high) within each level of protein. The medium level of energy was 
the recommended level (Nat~onal Research Council) ~hile the low level 
was 11 percent below the recommended level, and the high level about 11 
percent above the recommended level. The largest .gains were made by the 
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steers fed rations with the medium level of energy and _medium. _or high level 
of protein. The most efficient gains were made_ by the steers fed. r .ations 
with the high _level of energy and the medium or high level of protein. 
Increasing the e_th.e:r _ extract of a ration by adding fat appears to 
have varied effects on ration nutrient digestibility. and .feecLu.tiliz_at.icn, 
depending on kind of roug~age in the ration (Erwin tl al._, _ l956a), ' mineral 
supplements (Summers et al., 1956; Ward ~ al., 1957; Grainger et al., 1957; 
White et al., 1958; Davison and Woods, 1959), quality of fat (Brooks_ e.t__...s.l .. _, 
1954; Matsushima et al.,- 1955; Hale and King,. 1955) ~nd quantity of fat 
(Swift ~ aL, 194.7). The .addition o_f 3 to 5 percent fat (corn oil) to 
rations containing. lo:w quality roughages such. as cottonse_ed hulls and corn-
cobs usually decreases nitrogen retention and digestibility of all ration 
nutrients except ether extract (Rhode_s tl al., 1956; Summer.a et _.al., 1956; 
Waro et al., 1957; Grainger tl al •. , l957; . White __ et al., 1958)_. When sim.i-
lar quantities -of fat (cern oil) are added ta rations ~ntaining prai rie 
hay or higher quality roughage, nitrogen retention .has been found to in-
crease (Robinson, 1958) and digestibility varies from an increas.e in all 
I 
ration constituents (Swift~ al., 1947) to a decrease in crude fiber and 
nitrG>gen- free extract (Erwin et a.l.._, _ 1_956b; Hubbard, 1957). 
Levels of fat not exceeding 5 percent have been found to be sat.is-
factory sources of energy in rations fed to fattening sheep and steers 
when weight gain and feed efficiency were used as criteria. of value 
(Matsushima et al., 1953, 1955, 1957; Schweigert and Wilder, 1954; Hentges 
et al_._, 1954). Higher levels of fat were found to be unsatisfactory. 
However, other investigators have reported satisfactory gains by sheep 
(Kamm.lade and Butler, 1954) and steer s (Jones et . al_._, , 1942; Erw.in et .al., 
1956a) fed fattening ra.tions containing over 5 percent fat. 
1.6 
When the level of fat exceeds 5 percent in rations containing prairie 
hay or higher quality roughage nitrog.en ret.ention . appears to be essentially 
unchanged (Hubbard, 1957). The digestibility of crude pro.tein . appears to 
parallel. nitrogen retention. but crude fibe.r and . nitrog.en..-.free extract di-
gestibility is decreased significantly (Luc.as and Loosli,_.l944;, .Swift et 
al., 1947, 1948; Erwin et al~, 1956b; Hubbard, 1957). Becaus~ .of variable 
results, and the limited amount of information av.ailabl~ further work ap-
pears necessary to evaluate the eff~cts of fat in a wintering-type ration 
I 
based on prairie hay and a protein ~upplement. Also, advantage should be 
I 
taken of recently developed techniques with the_ artificial rumen to study 
such interrelationships as fat and mineral (calcium and magnesium) metabo-
lism in the rµminant. 
. 
Such studies have recently been reported by Davison 
and Woods, 1959. 
The Effect Of Carbohydrate On Nitrogen Retention and 
Nutrient Utilization. 
Previous Oklaho•a Work 
In nitrogen metabolisa trials with steers fed winterfng-type rations · 
Fontehot (195.3) obtained data indicating that ihcreased energy in.take. in 
. I 
I L l 
the form of concentrate feed exerts a protein-sparing effect. Two peunds 
of a f'eed suppleaent containing 20 percent protein resuLted in a high~r 
average nitrogen .. retention by beef steers than. l .lb. of a supplement _ con-
I 
taining 40 percent protein, when each was fed with the same mount of 
' -
prairie hay. However, the _ observations were .. :made on a small. nUlllber of 
anillals 1 four receiving the 20-percen.t_ .pr.o.tein .supplement. and three ... re-
ceiving the 40-percent protein supplement. 
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In a series of three experiments with steers, Fonteno_t et aL (1955) 
determined the effect of adding increasing amounts _of glucose _ to win.tering 
rations containing appro:xi:llately 8, 10 and 12 percent _protein. . The hasa1 
rations were composed of prairie hay, cottonseed meal and .. minerals_ .in the 
proportions frequently fed to wintering beef cattl.eo Additions .. of 350, 700 
and 1050 gm of glucose were made to the 8 percent rati.on and 700 and 1050 gm 
to the 10 and 12 percent rations. At each l.evel .of nitrogen intake .pro-
vided by the three basal rations, the glucose supplements increased .the 
amount of nit rogen in the feces and decreased the amount excreted · in the 
urineo The magnitude and direction of these changes in nitrogen .excretion 
were such that the net results of the glu.cose additions were (1) a sig-
nificant decrease in nitrogen retention with thee percent protein basal 
ration, {2) a significant increase in nitrogen retention with 1.0 perbent 
pretein, and (3) a small alt hough not significant increase with the. 12 
percent protein r ati on o The added . gl.u.cose increased the estimated 
(ThomaS=Mitchell) biological value of the nitrogen of all three basal 
rations . It 'decreased the apparent 9 but not the truej digestibility of 
protein, depressed · the digestibility of crude. fiber, and · increased the 
amount of digestible nit rogen-free extracto It appears that in wintering 
rations, su.ch as the one used in this experiment ~ the value of additional 
energy in the f ora of readily available carbohydrate to ·spare nitrogen in 
metabolism is nullified, in part~ by the decreased digestibility of . pro-
tein and crude fiber. 
Hubbard (1957) conduct ed a balance trial in which the effect of added 
starch on nitrogen utilization and digestibility by steers was studied. 
In this trial, 4/t) gm of corn starch ~E,,.""e added to a basal ration of 3000 
gJt pra~rle hay, 50 gm minerals (dicalcium phosphate and salt)) .1:1), . and 
' . i. 18 
600 ga cottonseed meal;. protein content of the ration was reduced from 11 
to 10 percent by the addition. The starch .addition. decreas.ed urinary 
nitrogen from' 29.7 to 23.5 and in.creased fe.cal..._;11itrogen froa .. 25..2 to 27.4. 
Both of these values were significant; however, .. the· decrease . in urinary 
nitrogen was sufficiently larger than .. the incre.ase. in fecal. nitrogen that 
the net result was a significant increase in nitrogen retention fm . .5.6 
to 9.8 ga. The digestibility , of crude protein. and crude fiber was s.ig-
nificantly decreasetl, and organic .. aat.ter, dry matter and ether ex.tract 
digestibility was not significantly altered. Thus;- the advantage of in-
creased nitrogen retention by starch was nullified in part by increased 
nitrogen wasted in digestion and decreased crude fiber digeetibili.ty. 
&binson (1958') studied the value of .energy added ·as corn to wintering 1 
rations or prairie hay and cottonseed ae.al. The basal ration contained 
3000 gm. of prairie hay, 454 gm of cottonseed ae..al, . 25 .ga, dicalciua phos-
s 
phate and 25 ga salt. In these trials US gm. of. cottonseed aeal was re-
. ' 
placed with an iso-nitrogenous aaount of . corn. (572 . gm). _ The additi.on of 
corn decreased nitrogen excretion in. the .urine .. fro• 16 • .3.3 gm to 14.18 gm, 
but increased1 the nitrogen in the feces froa .22.04 gm ~ 24.80 gm. The 
increased fecal nitrogen e.xcretion w:as ... asso.ciated .w.ith ·the. .increased. in-
take and excretion 'of dry matter and a . significant drop in the digestibility 
' ' 
of crude fiber. Total nitrogen retention was de.creaaed .from 24.2 percent 
of the intake to 22. 5 percent. Crude protein digestibility. was . also 
significantly· ·de creasedo The subs ti tut ion ~ -c.orn for , an iso-ni trogenous 
aaount of cottonseed aeal in a wintering ration of_prairie hay arxl cotton-
seed 111.eal resulted in a marked decrease in utiliz.ation · of nitrogen in 
,. ' . l 
digestion which resulted in a de.crease i n nitrag~n r~tention even though 
'' . ~ 
nitrogen was spared in •1tabolism. 
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Balance and Digestion Trials 
Patterson and Outwater (1907) reported that mo.lasses decreased the 
digestibility of dry matter in rations of hay or hay and grain fed. to 
-, 
steers. Lind·say and Smith (1910) reported that. mola.s.se.s decreased Qrganic 
, I 
matter digestibility in rations of hay or hay and concentrate fed to sheep. 
Molasses when fed with hay alone had to be present in relatively high con-
centrations tp cause a marked depression • . William~ (1924), working with 
dairy cows, reported tliat molasses did not uniform.l.y affect the dige.sti-
bility of crude fiber, nitrogen-free e~ract, and ether extract but tended 
to depress the digestibility of crude protein and dry matter. 
· Briggs (1937) found that the substitution of 230 gm of molasses for 
224 gm of grain in a lamb fattening rat.ion. of alfalfa and gra~,, 1:1, 
decreased apparent diges.tibility of protein . and tat and ·had no appal'.ent 
effect on the digestibfil.ity of crude fiber and nitrogen-free extract. In 
later studies (Briggs and Heller, 1940) w,ith a similar ration it was found that 
the substitution o:f molasses for e.ither . carn. .o.r. oats .·had no appreciable 
effect on the apparent digestibility o~ crude fiber and nitrogen-free 
extract. The substitution of molasses for corn had no signific.ant influence 
on the apparent digestibility of crude protein but the replacement of oats 
with molasses mwered crude protein digestibility by a highly significant 
amount. 
Mitchell et al. (1940) conducted an experiment with rbeef calves to 
study the effect of glucose on nitrogen retention and digestibility o:f 
crude fiber. The plan of the experiment .involved the testing of four ex-
perimental rations consisting essentially of timothy hay, corn and cotton-
seed meal in various combinations to provide the four rations with 
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different percentages of crude protein. Four steers were . fed . e.ach. of . the 
four rations containing 7. 53, 9. 94, 15. 57 and 22 •. 41 percent protein alone 
and supplemented with glucose. Steers fed .the three highest protein rations 
consumed 1000-1200 gm glucose. Three steers_ .fed _7. 53 per.cent protein 
rations conSUJ1ed 400 gJn glucose and one c.onSUll.ed 100 gm •. The .average 
daily nitrogen ·balances, expressed in grems, for the rations of different 
protein content with and without glucose, respe.ctiyely, -were: 7. 53 per-
cent .. protein, 5.39 and 5.65; 9.94 percent protein, 8.81 .and .10 • .38; 15..57 
percent protein~ 21.--81 and 15.'52; 22.-41. -pereen..t .-pre-tei--n, 2.3.22 and 19.22. 
Thus, the protein-sparing effect of the sugar supplement was .. evident only 
when glucose was added to basal rations containing about 10 percent. or 
more protein. Digestibil+tY was detel'Jl.ined only :0n crude fiber and it was 
decreased an a'verage -of 25- percent. 
Hamilton (1942) stmlied the effect of added glucc.rse on the digestibility 
of ration constitutents by sheep. The basal ration .contained cut timothy 
hay, ground yellow corn and cottonseed. meal. in approximate ratios of 2: 2:1 
and analyzed 14. 6 percent protein. __ The animals were fed 1. 04. lbs of basal 
ration per 100 lbs live-w.eight-• . Wherr .. sttgar~we:s-·fe~ t-he ani1flals received, 
in addition to the -ba-S1ll r..a:w.oo., l W -tG 200 .cgm. .~of _ co "1-.cSUg.ar -dail,Y.. In 
addition, in each period each sheep rece+ved 6 gm bo_nemeal, 3 glll salt, 3 
gm yeas~ and 0.5 cc cod liver oil. The plan of feeding was a double re-
, 
versal.. procedure. The average apparent digestion. ·coefficient.a.for ,the 
basal ration and the basal ration plus sug~, respective1¥; were:. dry 
matter, 65.4 and 67. 7 percent; total nitrogen, 61 . 9 and 54.1 percent; 
crude fiber, 43.8 and 31.9 percent; and nitrogen-free extract, 76. 4 and 
79 . 7 percent . The addition of the sugar caused a significant decrease in 
appare.nt crude protein and crude fiber di gestibility; and a significant 
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increase in the apparent digestibility of nitrogen.,.free extract.. It was 
concluded that the decrease inprotein. digestibility was due to an increase 
in metabolic nitrogen resulting from_ incr_eased .intake of dry matte.r (sugar). 
l • 
The decrease in fiber digestibility was thought .. to be due to the rumen 
cellulolytic microorganisms preference of sugar tG fiber. 
Swift et alo (1947) repGrted on .. the influence _of starch and cerelose 
on the digestibility of rations by sheep •. A· lJ.2 percent protein ration 
composed of ·- 420 gnrm--±xed-h-ay -·(alf·alfa and t\~o-thy of excellent quality), 
420 gm corn-meal cmd 48 gm linseed oil meal was supplemented ~1th 58 and 
116 gm of glucose and with the same amounts of starch. The sheep refused 
to eat the larger amount of starch so results were· obtained with only the 
smaller one. The addition of 58 gm of glucose resulted in a significant 
increase in the digestibility of dry matter and energy of the ration but 
had no significant effect on the apparent digestibility of crude protein. 
The addition of 116 gm of glucose caused a significant decrease in the 
apparent digestibility of crude protein and crud.e fiber. No appreciable 
change in the digestion· coefficientB of total dry matter and energy was 
produced. The feeding of 58 gm of starch per day caused a depression in 
the apparent digestibility of crude protein and crude fiber. These 
workers concluded that this exp_erime.nt gave evidence that the amount of 
a supplement added may determine whether its_ effect will be beneficial 
or detrimental . The explanation for decreased .. digestibility rasul ting from 
the addition of the high level of glucose and the·-11.ow level of starch was 
quoted from HaJD.ilton __ (1942) . 
In an experiment with dairy calve.a., Colovo.s et ~ .. {1949) found that 
the addition of either wood or cane molasses to a grass-legume hay ration 
caused a decrease in the average apparent digestibility of crude protein. 
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The addition of wood 11.olas.ses was accompanied by_ a de-crease in urinary 
nitrogen, an increase in fecal nitrogen .and a. small. in.crease in average 
nitrogen balance. · Gane molasses appeared les.s effective in re.ducing the 
urinary nitrogen. 
Burroughs et al. (1949) conducted five series. :ef d.igestion trials 
to study the effect of mineraliz.e.d c.orn .. star.ch on .the digestibility of 
roughage dry matter ·by steers. They found that .. if corncobs .. o~r .. co.rnoo.bs 
and a limited amount of alfalfa hay. made up the roughage part of the ration , 
the addition of ·corn starch caused a marked redu~tion in .the digestibility 
of the roughage c.ry matter. However, if alfalfa hay was the. only. source 
of roughage the ,,corn starch had no such cons.istent eff~ct. "This differ-
ence can best be _. reconciled on the basis that alfalfa hay oontaine.d ·mere 
essential nutrients than corncobs for promoting growth of micr0orgap,isms. 
The larger stores of nutrients in alfalfa hay wete ·sufficient. to withstand 
starch .fermentation arid still have enough .food essentials. to promote 
growth of ro-µ.ijhage digesting :microorganisms. Co:pver.se1,:y the smaller 
i ' 
stores of nutJiehts t, in corncobs were insufficient to main.tain the micro-
i 
organisJts capable of digesting roughage, following the earlier .utiliz.ation 
of essential nu..trients in. stareµ -fermen.ta.ti--on. tt 
Lofgreen et al. (1951) studied _the influence of ener~ intake on 
I I 
nitrogen retenti·on in growing dairy cal:ves. Eighteen Holstein heifer calves 
. , 
weighing about 150 lbs . each were divided into four lots and placed.· 0n four 
' ' 
l- l 
dietary treatments. The t--reatments were low energy.:.low protein,. .,higq, 
energy,.low protein, low energy-p,igh, protein and high energy-high protein 
rations '. The lo-w protein level -was the crude protein allowance as recom-
mended by ~he Morrison standard and the high protein, -was 16o percent of 
this allowance. The low-energy level was the tot~ di~estible•nu:trfent 
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allowance recommende~ by_ the Morrison .. standard __ and .. the .high ... _enexgy: .level 
was 115 percent of the all.owance. Th.e __ hay. us.ad. was good quality alfalfa, 
timothy, or clover hay. The ooncentrate mixture was a 16 percent protein 
co1111.ercial calf starter at the start of the exp.erillent and was. changed to 
a growing mixture when the anim.als reached about 250 lbs. The proper pro-
portions of protein 'were maintained l;>Y suppl.ementing the st&,rter .or growing 
mixture with a mixture of protein supplements. To furnish the high energy 
' level, the total ·reed allowance was increased while maintaining. the protein 
intake constant by the proper reduction in the percentage of protein in the 
concentrate mixture . ~itrogen balances. were determined when the calves 
weighed 150, 200, 250 arnf JOO lbs. The average nitrogen re.tention, expressed 
as the percent of consumed nitrogen was 25.8 and JL6 gm, respectively, for 
the_ animals fed low energy-low protein .and high energy-low protein rations, 
and 24o4 and 2lo5 gm respectiv~i for those fed the '}.ow energy-high protein 
and ' high energy-high protein rations. Increasing• the, n,m ... nitrogenous total 
·;' .,,-' 
digestible nutrient consumption resulted in a marked increase in nitrogen 
retention of dairy calves fed at a low protein level but was withou, e£fect 
if the calves were fed at a h_igh protein . level. " The authors con..Q],uded that 
~n a low protein intake an increase in· non-nitrogenous total. digestible 
nutrients consumption resulted in a marked increase in the retention of the 
nitrogen available for growtho 
Chappel (1952) -studied the effe.ct of readily available carbohydrate 
on the digestibility of a ration. of prairie hay and casein fed to lambs. 
The basal ration contained. 600 gm prairie .hay and 60 gin casein. _ The ex-
per;llllental rations were the basal plus 60 or 180 gm of glucose. The. ad-
1:1:ition of glucose to the basal ration had . no measurable effect on the 
apparent coefficient of digestibility .. o.f. .,crude .. fiber of .the .r.a_tion. The 
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average apparent percentage of crude fiber digested was 57.3, 56.6 and 
57.0 for rations containing O, 60 and .180 gm. of gluco..se, respectively. 
The apparent coefficient of digestibility .for . crude protein was signifi-
cantly decreased when the higher level of cerelose.··was fed but was . not -
significantly :altered when the. lower leveL was fed ·., · The average percent-
age of crude protein digested was 67.9, 68.7 and 63.5, respectively_, for 
the rations containing O, 6o and 180 gm of_ gluc.ose. From the results 
obtained in this experiment it would appear that the addition of a small 
quantity of readily available carbohydrate had very little effect on the 
utilization of a low quality roughage ration by lambs as measured py the 
apparent percentage of digestibility of the crude fiber and crude protein 
contained in_ 'thi-:s . rat.i-on.. 
Williams et al~ (1953) studied the effect of adding two levels of 
starch to low ·energy rations of dif.fe_rent protein· content on nitrogen 
utilization by sheep. Wheat starch and wheat gluten were aqded to a basal 
ration of oat chaff to furnish different energy and protein contents. 
They found that the addition of 49 or 99 gm of starch to 270 gm of a basal 
ration containing 5.2 percent protein resulted in a significant increase 
in the estimated (Thomas-Mitchell) biological. value of the protein. 
Nitrogen retention data were not given but urinary nitrogen was significantly 
decreased. However; the addition of either leveLof· starch to basal 
rations containing 10.0 or 13.1 percent protein produced no significant 
effect on the ·estimat.ed (Thomas-Mit_chell) bfological value of the protein. 
Four animals per treatment were used. The authors concluded_t:pat the high 
levels of pro~ein feeding ~xceeded the maximum .required for the full utili-
z.ation of the absorbed nitrogen. 
Summers~ al.. (1956) found that a decrease in t~e corncob content of 
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a ration from 80 to · 65 percent by corn starch_replac.ement significantly 
reduced the digestibility Clf. c.ellnl.o_se f'xom .. 7-4.2 to 68 .• -4 per.cent. Alf.ali'a 
ash (30 gm per wether per day) prevent.ed this_ eff'ect· of the supplem.eIJ.tal 
corn starch but had no effect on the digestibility of the .basaLratj.on 
containing 80 percent corncobs. ·' Thus the _depressing ef..fect that .starch 
had on cellulose digestion in this experiment could be reversed by alfalfa 
ash. . ... •, 
Woods et: aL. (1956) .studied the effe_ct ef' varying lev.els of protein 
and glucose on the utilization of mature timothy hay by sheep. They 
found that as the· percen.tage_.p_ro_t_ein . incre~ed ..f.n::>m._ 6 ... 9 to 10.9 to 13~6. __ 
the apparent digestibility of dry matter, organic matter, protein, energy 
and nitrogen-free extract increased. The addition of either 3.3 or 6.2 
percent gluca>se at all levels of pro.tein had no. sign i fi .ca.n:t.. e-1:feet on the 
digestibility of dry matter, organic matter and energy. However, with 
each glucose additi~n the digestibility of Jitro~en-~e extract was in-
creased significantly. The addition of 3.3 percent glucose at all levels 
of protein had no significant .effec.t . on the d.iges.tibility of protein, but 
the additional 6. 2 percent of glucose significantly "decreased i:,rotein di-
gestibility below that of rations ex>ntaining O and 3~3 percent of glucose. 
-
Tlil:e authors concluded that the ration_ was ,deficierit ''in protein. The 
decrease in :grotein digestibility obtained when the higher level of glu-
' 
cose was added was thought_ to . be due .to .increased. m~tabollc_nit.ro_gen. 
Frem the literature reviewed it appears that for a carbohydrate 
su'.pple~ent te effect a measurahl.e . saving. of'_ protein the initiaLlevel. _o_f 
protein and the total energy conten\ of the supplemented ration must be 
above certain• prescribed lev.el.s (Mit.Qhell tl...a.L.., 1940.; Lo..fgreen et aL, 
1951; Fontenot et al., 1955) . The effect of an addition of a readily-
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available carbohydrate on digestibility appears_ to be. dependent on the 
amount added. · Small quantities appe.ar. _to. either __ incr.ease_ or have no 
measurable effect . oh. __ d.igestibili:ty_ .except __ ..fo.r..in.cr..ea.sing_ .nitmg.en ... free 
extract digestibility (Swift et. aL., .194.'Z;- Ar.i.as .. ~ ,.al",. 1..951.; Chappel, 
1952; Woods .e_t al;., ' 1956). Large quantit.ie.s usua:l.lJr:. 9.~cre.~se _dige.sti-
bility of all ration constituents except nitrogen-free extract (Mitchell 
et aL., 1940, ' Swif.t ' st aL, 1947; Fonteno.t. et .. al..., 1955; Hubbard, 1957; 
Robinson, 1958). Alfalfa ash ·has been found to r.ev.erse the effect of 
large quantities of added carbohydrate on· digestibility (Summers _et ... aL., 
1956) and the · quality of roughage may determine the effect that carbo-
hydrate additions have on digestibility (Burroughs ·~..al..., 1948). 
. . 
Because of · the variable results of the experiments ·cited further wo.rk is 
:. •. t 
necessary to evaluate diff:erent energy sour.ces and -d:etermihe their effec\ 
' . in a wintering...,type ratiQn based on prairie hay: and a protein supplement. 
Different sources of e~ergy, carbohydrate and fat shGuld be cempared within 
the same trial to elim.!lnate some sources .of error and variation .cellUilGn to 
balance and d ~ge stibili.ty. tr.ials .with. lar.ge .. animal~. 
EFFECT OF ADDED .. D..T AND QUBOHYDRATB ON I)I~TIBILI'l'Y .OF 
RlTION NUTRIEN.TS AND NITROGEN ME'UB.OLISM 
EXPER]l.g'T I 
The purpose of this .. experimentw:as_ .to determine .. the .. effe_et of added 
fat ( corn oil) at a level of JO.l.i. . percerit en .nitrogen_ ut~tion, digesti-
bility of nutrients and cal.cium retention. by st.eers. ·red ·'·a high. .protein 
wintering-type ration. In a previous e.xp.e.r:iment _ (Hubbe.rd, 1-957) 10 per-
cent corn oil was added ta a wintering~.typ.e. ration .. composed of 3000 gm 
prairie hay, 585 gm cottonseed meal, 323 gm._corn., ____ 25 .gm. .. salt .and 25 _gm 
':,:· .. 
dicaleium phosphate. Corn was incl.uded to improve . the physical. .. nature of 
the supplemented ration. Suffici.ent oo.ttonseed. meal. .. was. ·.us.ed .to prov~de 
approximately 10 percent protein in the . supplemented ration.. The. am.o:unts 
of corn alld cottonseed meal in the basal rat.ion. may. have supplied. enough 
energy to mask the effect..o.f .additional. .energy in..t .he form. o.f .. c.orn ail. 
Therefore, in the ·present s.tudy, Drackett. pmt.ein~ was use,d .to increase 
; ' J 
the percentage of protein without increasing appre .. ciably: t .he energy . conten~ · · 
. ' . .. . . ,. 
' ! ' 
of the ration. It. was. also .. desired to note the effect of. corn oil. at a · 
'·' 
higher protein ·level. 
Experimental Procedure 
Tw.el ve grade :Hereford steers weighing about 625 · 1b·~: ·e;i the. start. of 
the experiment were used in two digestion trial .periods ~xtending .from 
,!. 
'' 
*Draekett protein is an assay protein produced .from soybean oil .meal 
and contains 88. 5 percent protein (N .x 6 .. 25) on a dry-matter .. .b.aais .• .. . It 
is manufactured by the .Drackett. Produe.ts Company.,. 5020 Spring. Grov.e .A.venµe, 






January 22, 1958., to March 2ft, 19580 A completely randomized design .was 
used to all.o.t the steers. to two ra tiorui, basal. and. sup.pl.emented. The 
steers were kept in metabolism. stall.s as .. described by N.elson et al. , ,(1954). 
The basal rati,on consisted of 3000 gmprairie hay, 350 gm Drackett 
protein, 454 gm cottonseed meal, 25 gm dicalcium. phosphate, .. and ... 25- .glll 
salt. The supplemented ration was. the .bas.al .. ration plus 400 gm.. .c.orn . oil. 
The corn oil addition lowered the protein content in the ration from 17.1 
to 15.4 percent. 
The rations and the chemical. composition. of the feeds are shown .. in 
Table l. The average chemical composition of the bas.al ~d supplemented 
rations is given in Table 2. 
The prairie hay was of average qual.ity. The. cottonseed meal was manu-
factured by the expeller process. The oil was .added to the concentrate 
mixture (454 gm cottonseed meal, 350 gm Dr.ackett and minerals) . and was 
. . 
gradually increased. to ID.4percent over a 10-day. feeding. period.. A 10-day 
prelililinary period preceded each 10-day collection period making a . t .otal 
of 30 days ip eac~ trial. The steers were fed. one-half the daily allowance 
twice daily. 
Feces were collected in metal boxes and t ransferred at :frequen.t in-
tervals to covered metal containers. The feces. were weighed daily and 5 
percent samples were preserved in tightly covered glass jars under refrig-
eration. Thymol crystals were used to aid in preservatio.n. Pro:x:lma.te 
analyses, as described by the Association. of Official Agricultural. Chemists 
(19 50), were made on a composite 10-day sample from each steer. The urine 
was collected by means . of a metal grid and .me.tal f'unnel. The urine was 
diluted with water to a conatant weight daily, and an aliquot .was acidified 
with HCl and stored under refrigeration. Nitrogen was q.etennine.d by the 
TABLE 1 
Daily Allowances and Average Chemical Composition 
of Feeds in Experiment l 
Daily A llowa:nce in 
Ration Percentage Composition of Dry Matter 
Basal+ Dry Organic Protein Ether Crude Nitrogen- Cal-
Feed Basal corn oil matter · matter (N X 6025) ex-tract fiber f'ree extract Ash Ni_trogen cium 
Prairie hay 3000 
Cottonseed meal 454 
Drackett 350 







93.2 93.0 4.89 
93.4 94.0 44.6 





2 .. 6 32.3 5'3.2 
h.5 12s 32.4 
0.2 Ool B.o 





















corn oil 4254 
TABLE 2 
Average Chemical Composition of Rations Eaten in F.:xperiment 1 
Percent Percenta~e Co!!!Eosition of Dry Matter 
dry 0:Rganic Protein Ether Crude Nitrogen-
matter matter- (It X 6.,25) extract fiber free extract Ash Nitrogen 
93.3 92o2 17.1 2.6 26.7 46.o 7.8 2.7 







Kj eldahl method on combined daily aliquots from_ each steer'. 
The Thomas-Mit-chell formal, w-as- u'Se'd-in.-::the":· cal:c;ul:ation of- -bio-logieal-
value of the nitrogen: Biological val.ue = 
' 
N intake - fecal N .- met.abolic. N) 
enous .... N 
X 100 
The metabolic nitrogen .and. endogenous nitrogen were calculated .. by the 
method proposed by Swanson and Herman (1943). Fecal metabolic nitrogen 
was considered to __ be_s_.3 gm. per kilogram _of.dry mat.t.er .in.take_._ __ In .cal-
culating the endogenous urinary nitrogen the_ following. equation was_ used: 
N • 0.712 w().42 where N represents the grams of endogenous.·nitrogen and 
W the body weight in kilbgrams. Swan.sol)_ and. Herman calculated these . 
, . 
values from results obtained by feeding low~nitrogen. rations to dail'y" 
heifers. 
The re~ts of' this experimentwere analy:z.ed statistically by the 
analysis of' variance procedure as described by Snedecor (1956). 
Results and Discussion 
The average dai.:cy nitrogen balance and biological value data are 
given in Table J. The individual data for .nitrogen balance .and biological 
value are presented in. Table I, appendix. 
The addition of 400 gm -0f' corn oil to the concen..trat_e portion of the 
ration resulted in a very oily mixt-qre. When this mixture .was fed with-
out any adjustment period consumption was unsatisfa_cto.ry;" howev~r, if the 
oil was increased by 40 gm per day over a.10-day period the steers ad-
justed to it gradually and cons:wnption was very satisfactory. The oil 
feeding resulted in sligh.t_constipation. 
The corn oil added to the _b.B,Sal ration decreased urinary nitrogen 
from 52. 9 to 52. 2 gm and in.creased f'ecal ni tragen from 29. 3 to 29. 9 . gm. 
TABLE 3 
Average Daily Nitrogen Balance and Biological Value 
Data in Experiment 1 
Intake Excretion 
Dry Fecal Urinary Nitrogen a/ 
Ration matter Nitrogen N N retention-
gm gm gm gm gm % 
Basal 3594.,5 98 .. 0 29.3 52 .. 9 15 .. 8 16.1 
Basal+ 
corn oil 3994 .. 5 98 .. 0 29 .. 9 52.2 15.,9 16.2 
a/ Total ration nitrogen minus urinary and fecal nitrogen. 







19 .. 1 7,.56 
21 .. 2 7 .. 56 
True Absorbed Bio log-
diga7ted N 1 
N JJ:t ili~~g~ 
ical f/ 
value-
gm gm % 
87 .. 8 42 .. 4 48o3 
89 .. 3 44.7 50.0 
c/ N = 0 .. 712 w0•42 where N represents the grams of endogenous urinary nitrogen and W the body weight in 
- kilograms. 
d/ N intake -
e/ N intake -Y N intake.-
(fecal N - metabolic N) o 
(fecal N - metabolic N) - (urinary N - endogenous N), 
(fecal N - metabolic N) - (urinary N - endogenous N) 




Neither of these changes was statistically signifi.c~t; ill fact, the 
changes were too small to affect nitrogen retention. Average daily nitro-
gen retention was 15.8 and 15.9 gm for the basal and corn oil rations, 
respectively. The increase in fecal nitrogen was associated with incr.e.ased 
intake and excretion of d:cy matter and a significant ... decrease in. the 
digestibility of crude fiber. However, feed. .nitr.ogen .. ex.cretion .. in. the 
feces was greater on the. basal ration than on. the suppLem.ented ration if 
correction is made for metabolic nitrogen on. the ba.sis of 5.3 gm p.e.r kg 
d:cy matter i _ntake._· Hubbard (1957) has previously f.ound t .hat 10 percent 
corn oil added to a simjl ar .wintering-type. ration. ___ containing_lLp.ercent 
protein did not significantly affect nitrogen retention. However, 
Robinson (1958) fed 5 percent. corn oil in a win..te.rlng,.,.type r~:Hon con-
taining 10 percen~ protein and obtained a significant. incr.~~~e -·in nitrogen 
retention. In experiments where cottons.eed hulls or .. oorn .cobs s.e.rved as 
the roughage, ni trgg_en retention has been f olll1B to be signific~tly decreased 
by the addition of 3 to 10 percent corn oil. to ratiaIBfor cattle and sheep 
(Rhodes et al.., 1947; Summers et al.., 1956; Ward et al., 1957). 
The corn oil ·increased the estimated biological value:·of ni.trogen but 
not significantly: Average values for the basal and supplemented ration 
were 48.3 and 50.0, respectively. Mitchell (1924) observed that a decrease 
in -the protein. percentage of a ration (wide nutritive ratio) such as oc-
curred in the corn oil ration is usual.ly accompanied by an increase in bio-
logical value of nitrogen. Robinson (1958) obtained. a signi£ieant increase 
in biological val.ue when he added 5 percent corn . oil to a . simil.ar ration. 
Nevertheless, in ~he present experiment the addition of 10.4 percent corn 
oil to a basal. wintering ration containingl7.l percent proteirt had little, 
if any, effect in sparing nitrogen. Also, Hubbard (1957) failed to 
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produce a nitroger.._-sparing effect by adding 10 percent corn oil to a basal 
wintering ration containing 11 percent protein and .having a higher .energy: 
protein rat±o • . 
Average values for apparent digestibility .of nutri.enl~ al.of!g :with 
fecal ash and calcium data. obtained with the basal and supplem~nt.e.d . ra.tions 
are shown in Table 4. The indi,_v.d.dual values. are. gi-vetLin .Tabl.e II in the 
appendix. The eorn oil. decreased all the digestion. coefficients except 
that for ether extract, which increased signifi.can.tly. (P < 0.01) from 55.4 
to 80.9. This is in agreement with Swift et .al,. (1947) .who observed that 
when a ration containing 8 percent corn oil was fed _ it d.ecreased all 
digestion coefficients except ether extra.ct. Many w_orkers have obs_erved 
an increase ·in the digestion coefficient .of ether extract when. high levels 
of fat are fed to ruminant.a. However, these estimat.es of ether extract 
digestibility may be more apparent than real. It has been postulated that 
fat feeding . increas~s excretion of soaps which. are mineral ~ts of fatty 
acids. If this were the case, these soaps would be present in. _the nitrogen-
free extract fraction thus causing an over estimate. of ether extract 
digestibility and an undeI\=>estimate of nitrogen-free extract 1digestibility. 
Several workers (Brooks et al., 1954; Summers et al .. , 1956; Ward ~ al., 
1957; Grainger ~ al., 1957; Brethour et al .• , 1958, White-~:!t.M•, 1958; 
Tillman and Brethour, 1958; and Davison and Woods, 1959) have stated that 
fat feeding increases mineral (alfalfa ash or calcium) requirement. 
The digestibility of crude fiber was decreased (P< 0.01) from 67.1 
percent to 50ol percent by the addition of corn oil. This ' result which 
agrees with those obtained by other workers (Lucas and Loosli, 1944; 
Swift tl al., 1948; Hubbard, 1957; Ward tl al., 1957; Graing.er et al.., 
1957; Robinson, 1958, White et aL, 1958; and Dayison and Woods, 1959) 
TABLE 4 
Digestibility Data Obtained with Steers Fed the Basal and Supplemented 
Ration in Experiment l 
Corn oil Fecal Calcium Dry Organic Protein Ether Crude Nitrogen -
Ration intake ash excretion matter matter (N X 6,.25) extract fiber free extract T .. D9 No 
p p % 
Basal 0 190 .. 9 17 .. 1 
A£~r~~~~~!g~~t!bility7 Percent 
62,.4 65.0 7lol 55o4 67ol 62.,5 6lo8 
Ba.sal + 
corn oil 400 198 .. 7 17 .. 3 55 .. 2 57,.2 69 .. 5 80 .. 9 50 .. 1 49 .. 7 6506 
Apparent Digestibilit;y:1 Grams 
Gms 
Basal 0 2244 .. 0 2156 .. o 430,..0 51.,1 64209 1032.9 2220 .. 7 
Basal + 
corn oil 400 2205..5 2125,.3 426 .. J 398 .. 6 479.5 820 .. 5 2621.6 
~ 
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may have been affected in part by the decreased proteirt.percentage of the 
supplemented ration. 
The average digestibility .of protein was decreased from 71..1 percent in the 
basal to 69. 5 in the supplemented ration.. This smalLde.cre_ase. was not 
statistically signi.ficant at the 5 percent l.evel, . but it is 1.n agreement 
with the findings of Robinson (1958) and Hubbard (1957) and...o.ther investi-
gators who have added corn oil to high roughage. rations .. for cattle (Lucas 
and Loosli, 1944) and sheep (Swift et al., 1948). 
The average digestibility of nitroge.n-.free . extrac.t was reduced from 
62.5 percent to 59.7 percent. This observation that fat addition decreases 
the digestibility of nitrogen-free extra.ct is in. agreement .. with_ the reports 
( 
of Lucas and Loosli (1944), Swift et al. (1947, 1948), Ward et !!l• . (1.9.57), 
Hubbard (1957) and Robinson (1.958). 
The di~stion coefficients for dry matter and organi.-e imtter followed 
similar patterns. Both were significantly deer.eased (P_(O.Ql) by the corn 
oil. The average digestion coefficients £or the basal and supplemented .. 
rations were .62 .• 4 and .. ,.55 .• 2 percefii;, respectively., . for dry matter and 65.0 
and 57.2, respectively., .for organic matte.r.o. This. has .. been. .a .g.ene.ral. ob-
servation by most all workers who have added fat to rwn.inan.t rations. 
The corn oil significantly (P < 0.05) increased the excretion of min-
erals (ash) in the feces from 190.9 gm to 198. 7 gm per day. Thus, it could 
be postulated that this level of fat increases the requirement .for certain 
minerals for efficient digestion of crude fiber and nit_rogen-.fr.ee extract. 
Davison and Woods (1959) noted a significant increase in..fee,al ash. when 
corn oil was fed. Also, they reported that calcium car"h9nai;~ larg.ely over-
came the depressing effect of corn oil on digestibility. Grainger et al .• 
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(1957) and 'Whita .et al. (l9581. on the basis of results. of"·d:tge.stibility 
trials in which fat was added to a semi-purified. diet, commented that 5 
percent corn oil increased the cal.cium requirement 0£ sheep. T.illman .and 
Brethour (1958) noted that 7. 5 percent corn oil did not affect fecal endo-
~s o.r. .u.rinary .exc.retion of dietary calcium, .. but .s.ignifi.eantly .deer.eased 
the retention of dietary cal.cium which closely paralle!ed· incke.aaed fecal 
I ' 
excretion of cal.cium. . However, in the· pre.sent_ e.xperiment . . calcium excr.etion 
' by the animals receiving fat was only slightly increased, 17.1 .!!· l7.3 gm 
per day. The results of this experiment do not appear to be in agreement 
with .the{ findings ·or Tillman and Brethour; however, the two exp.eriments 
were conducted under such dif£erent conditions that they are not strictly 
i 
I 
comparable. ·, From the resu).ts of the present experiment., calciUDl appe.ars 
to comprise only a very small proportion. of .the incr.ease in. l'liin.eral 
excretion. 
EXPERJMENT 2 
The ·purpos~ of this experiment was to compai-e . the effects, of .added 
corn oil, -glucose and starch on nitrogen utilization,. calcium retention 
and digestibility of nutrients by steers fed a wintering~typ.e ration con-
tainin~ 10 to 11 percent protein. The plan was to use these supplements 
in such amounts that their addition to the basal ra.tion :would make an 
effective increase in energy and only a small. chang.e in. perqentage of 
protein. An increase in feed intake with nitrogen intake kept constant 
and at a low level has been shown to increase nitrogen retention by grow-
. / 
ing dairy calves (Lofgreen et al., 1951). 
Experimental Procedure 
A group of eight Hereford steers weighing .between 475 and 590 .lb. was 
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used in a series of four nitrogen balance tri.als extending_.i'rom _Decem.ber 
6, 1958, to May 20, 1959. In each trial. the eight steers were fed a con-
stant daily amount of a basal and three supple.mentecL.rations, . two steers 
being fed each ration. The experiment was of a completely randomized 
design with the restriction that no animal_ would _ be fed _any __ one ration 
more than once. 
The basal wintering-type ration containe.cLJOQO __ gm prairie hay, _ 500 gm 
cottonseed meal, 25 gm salt and 25 gm dicalcium. phosphate. Its average 
protein content was 1-1..l percent (dry matter basis). The three supple.men.tea 
rations contained in addition 200 gm of one of the following: supplements: 
glucose (Cerelose), corn starch and .corn.oil. These additions lowered the 
protein content of the supplemented rations to 10.5 percent. The steers 
were fed one;...half the daily _ _allo:wance twice . daily. . There v1ere no feed 
refusals. 
The feeds used were similar in quality to those described for Experi-
ment 1. Their chemical composition is given in. Table 5. The average 
chemical composition of the rations is show in Table 6. 
The steers were handled in a similar manner . as in Experiment i, 
except that they were removed from the metabolism stalJ..s _and placed .. on 
pasture for two weeks between trials 2 and .3. The methods used in collect-
ing, sampling, and analyzing the excreta, and in the treatment of data, 
were similar to those described far Experiment 1. 
Results and D:t/scussion 
Average nitrogen balance and bioloffical value data are given in Table 












Daily Amounts and Average Chemical Composition 
of Feeds in Experiment 2 
Daily Allowance in Ration . . . gm ' Per- Percentage Composition of Dry Matter 
Basar Basal Basal cent Protein Ether Nitrogen-
+ + + corn dry Organic (N X ex- Crude free Nitro- Cal-
Basal Cerelose Starch oil matter matter 6o25}_~i:,_J:>ac~ _fi1:)§".. _ extract Ash __ gen~ cium 
3000 3000 3000 3000 93 .. 6 93S 
500 500 500 500 93.6 93 .. 1 
--
200 100 .. 0 100 .. 0 
200 100 .. 0 100.0 
200 100.0 100.0 
50 50 50 50 100 .. 0 
5.,7 2.2 33 .. 5 








100 .. 0 
100 .. 0 
6 .. 5 





0 .. 4 
15 .. 2 










corn oil 3750 
TABLE 6 
Average Chemical Co~position of Rations Eaten in Experiment 2 
Percent Percentage Composition o.f'Dry Matter 
ory Organic Protein Ether Crude Nitrogen-
matter matter (N X 6025) extract fiber free extract Ash 
93.7 92 .. 0 11.1 2.5 30.0 48.5 8.0 
94.0 _ 92.5 lQ.,5 2,.3 28.3 51.4 7.5 
94.0 92 .. 5 10.5 2 .. 3 · 28.3 51.4 7.5 







o .. 6 
o.6 
o.6 




Ration matter Nitrogen 
gm gm 
Basal 332604 59.0 
Basal+ 
cerelose 3526 .. 4 59.0 
Basal+ 
starch 3.526.4 59.0 
Basal+ 
corn oil 3526.4 59.0 
TABLE 7 
!verage Daily Nitrogen Balance and Biological Value 
Data in Experiment 2 
Excretion Meta- Endo-
Fecal Urinary Nitrogen a/ 
~ic g~us 
N N retention-
gm gm gm j gm gm 
26.3 22 • .5 10.2 16.8 17.6 7 ol 
26 • .3 21.3 11.5 18.9 18.7 7.1 
25.5 21.4 12.1 20.0 18.7 7.1 
26.5 19.5 13.1 21.4 18.7 7.1 
True Absorbed Bio log-
di27ted N ical / 
utilized!lvalue! 
gm gm % 
50 .. 4 35.0 68.8 
51.5 37.3 72.1 
52.2 37.4 71.4 · 
51.3 38.8 75.3 
a/ Total ration nitrogen minus urinary and fecal nitrogen. 
b/ 5.3 gm/kg dry matter intake. 
c/ N = o. 712 w0·42 where N represents the grams of endogenous urinary nitrogen and W the body weight in 
- kilogramso 
d/ N intake - (fecal N - metabolic N). 
e/ N intake - (fecal N - metabolic N) - (urinary N - endogenous N) 




The average am.aunt of nitro_genretaine.d by_ .the .. st.ee:rs fed the basal 
ration and the basal plus 200 gm glucose, starch and earn ail. .. was 10 •. 2, 11. 5, 
12.1 and Jj . l gm, respe.ct.ively. The increases in average nitrogen retention 
obtained with the rations suppl.emented with gluco.se and starch _were not 
statistically significant. They were associated with dBcreases in urinary 
nitrogen; and, in the case of the starch addition, the increase was assoc-
iated with a decrease in fecal nitrogen. 
In other experim¢n..ts glucose in large amounts, 20 percent or more, 
increased significantly the retention of nitrogen. (Fontenot et . al. •. ,. 1955), 
and starch in relatively large amounts, 10 percent, also significantly 
increased nitrogen retention (Hubbard, 1957) . In both cases fecal nitrogen 
was significantly increased; however, the effici~ncy ·of utilization of 
absorbed nitr~gen (decreased urinary nitrogen) was increased ta the e.xtent 
l 
that a protein=sparing action ·was effected. The difference between those 
results appears to be due to the difference in amount of added supplement 
which in turn affects both nitrogen digestibility and. nitrogen m.etabolism. 
The increase in nitrogen retention obtained with corn oil expressed 
as grams per day or percent of intake was significant . (P < 0.,05). Urinary 
nitrogen was deQreased from 22., 5 to 19. 5; fecal pi.trogen .was es.sep.tially 
I 
unchanged. This is in agreement with Robinson (1958) who also added 5 
percent (200" ~) corl't oil in a basal wintering,...type ration of prairie hay 
and cottonseed meal. In his experiment, urinary nitrogen was decreas.ed 
from 17. 45 to. 15. 45 gm and fecal nitrogen was ess.entially unchanged. The 
finding that corn oil increased nitrogen retention is no.t in agreement with 
Experiment 1 or a previous experiment by Hubbard (1.957) in which 10 percent 
corn oil was added to a wintering-type ration of prairie hay ~d cottonseed 
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meal. In those experiments urinary nitrogen was decreased and .fecal 
nitrogen was increaaed, although not to such an_ extent as to make a sig-
nificant increase in nitro~en retention. 
The addition of each of the three energy supplement.s . app.eared to 
increase the biological. value of the nitrogen in the ration. bu.t none of 
these increaseswere statistically significant. The average .biologic.al 
values for the basal, gluco_se, starch and corn. oil. rations were 68.-8, 72.1, 
~ 71. 4 and 75. 3, respe.ctiVelY,. These results are in. agreement with thos.e 
reported by Fontenot et .. al. (1955)°, . Hubbard (1.957) and Robinson (1958). 
It appears from these results that small amounts of fat -~ able to 
increase nitrogen retention by a decrease inurinary nitrogen excretion 
without producing a corresponding .. increase in _fecal nitrogen whereas 
large amounts of fat, although decreasing urinary nitrogen excretioz; pro-
duce an increase in fecal nitrogen and lowered digestibility of all ration 
nutrients e~cept possibly ether extract. Carbohydrates, on the other hand, 
\;1o--:.-t"· ., -
increase nitrogen retention only when added in relati-yely large amounts to 
produce a disproportionate change in urinary and fecal nitrogen e~cration. 
The average apparent digestion coefficients are given in Table 8 .• 
The individual results are presented in Table rl, appendix. 
The average diges.tibility: of organic matter in the basal. ration alone 
and supplemented with glucose, starch and corn .oil. was 62.5; 66.o, 65.8 
and 62.3 percent, respectively. D~.f,ferences between the ba:sal and carbo-
hydrate supplemented rations were significant . (P < O. 01). Dry matter 
digestibility followed a similar pattern, coefficients for rations in the 
above order being 59.9, 63.3, 63.1 and 6o.o, resp~ti--v~ly. The results 
with carbohydrate are in agreement with the work of Swift et al. .. (1947) 
TABLE 8 
Digestibility Data Obtained with Steers Fed the Basal and Supplemented 
Ration in Experiment 2 
carbohydrate or-:rat 
intake Nitrogen-
Cere- (Jorn Fecal Fecal Dry Organic Protein Ether Crude free 
Ration lose St~rch oil ash calcium matter matter (N X 6025) extract fiber extract ToD.No 
gm gm gm gm gm 
Basal 
-- . -- --
186 .. 5 15.2 
Apparent Digestibility! Percent 














200 179.4 14.5 60.0 62.3 54.8 80.6 61.9 61.2 65.8 
Apparent Digest ibLl.i ty 2 Grams 
Basal 1991.4 1913.3 205.1 41.8 646.9 1019 • .5 1965.5 
Basal+ 
cerelose 2232.9 2151..2 20,.0 42.2 662.4 1241.5 2203.9 
Basal+ 
starch 2209.0 2147.0 207.8 42.6 652.7 1237.0 2195.3 E 
+-
Basal + 
corn oil 2116. 7 2030.7 202.9 227 .. 7 618.5 985.6 2319.3 
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who have noted that levels of readily-available carbohydrate similar to 
those used in this experiment .increase the digestibility of organic matter, 
dry matter and energy. Other workers (Hamil.ton~ 1947; Williams. .. e.t al.o, 
1953; Fonte!lot et aL, 1955; Woods. et aL, 1956) have .. reported. that a 
readily-available carbohydrate either decreased or prciduo.ed no . change . in 
total dry matter diges.tibllityo The results with corn. biL are in. general 
agreement with· those of Robinson (1958). 
The addition of 200 gm of starch sign.ilicantly .increased the apparent 
digestibility of protein from 55.4 to 56. 7 perc.ent; .200 gm of· glucose 
r esulted in no change and 200 gm of corn oil decreased it to 54.8 whi.ch is 
not signi ficant . The increase i n protein digestibility ·due to the addition 
of starch is not supported. by the literature;however, the effects of this 
level of starch on a wintering-type ration . .such _as the o~e.us.ed .. in this 
experiment has not previously been reported. The ·-in.crease ~assmall., .. in- . 
deed . Thus, further investigati on appears_ to. be we.rran.t.ed ·:·to confirm 
these results and ·provide a reasonable interpretation. Chappel (1952) 
feeding prairie hay as a roughage and Swift (1947) feeding mixed alfalfa 
' ,,,J 
and timothy hay noted that addition of 6 to 8 perc.ent glucose had no sig-
nificant effect on crude protein digest i bility. The slight decrease i n 
protein digestibility provided by corn oil agrees }1ith the results of 
Experiment 1 and other wo~k a t this St.ation (Hubbard 1957; Robinson, 1958) o 
The average crude fiber digest~bilities were 64.7, 66.3, 65.4 and 
61.9, respectively, for the basal, glucose, starch and corn oil rations. 
In the case of the -0arbohydrate additions the changes in digestibility 
vere not significant; however, corn oil significantly (P < 0.-05) reduced 
crude £.iber digestibility. The decrease due to the fat addition is in 
I 
agreement with most all reports. in .. the literature and the , results of 
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Experiment I. The finding that low levels of gluco.se_ had' .no significant 
effect on crude fiber digestibility is in agreement_ with _ the reports of 
Chappel (1952) and Woods __ et __ al. .. (1956)_; howeve.r, ... the . .liter.a..ture doe.a not 
support the findings with starch. Swift et al.. (l947). repo.rted. that. 6. 5 
percent starch added _ to . a ration of 420 . gm .mixed . hay., 420.: gm .c..orn. mee.J._ and 
48 gm linseed meal depressed digestibility of cr.ude fiber. · 
The digestibility of nitrogen-free extract was significantly higher 
in the carbohydrate-supplemented rations than .in the basal due very likely 
to the high digestibility of the supplements themselves. The· addition of 
fat, in contrast to carbohydrate, significantly (P (0.01) decreased nitrogen-
1 
free extract digestibility. These results are. in 1eneral agreement with 
'\· 
the literature cited. 
As would be expected, the digestibility of ether extract was high irt 
the fat-suppl~nted ration, (80.6 percent vs. 50.7 percent) and essential.lr 
unchanged in: the ·c-arbobydrate-supplemented rations. The digestion ca-
efficients for the basal ration md rations oontaining glucose..;, s-tarch. and 
corn oil were 50,-,"7:,- ~0.7, 51.5 and So.6, respectively. · 
Ex~retion. of minerals (ash) in the .fee.es :was reduced fro.m 186. 5 gm on 
the basal r~tion to :183 • .1 gm by glucose to 17747 _gm by starch, and to 179.4 
gm by corn oil.. 'rh.is is in contrast to an increase in fecal ash obtained 
when either 10 percent co.rn oil or 10 p~rce.nt stare.)?. was fed ·w Hu.t>bard 
' .-, . 
(1957) . Davif§on a-n<i Woods (1959) report¢ an in.crease in fe.cal Jl~Ja when 
appro~~ately 5 pel'c~nt corn oil was fed. SU111mers ~ ·!.1· (1956). cl.1>-~ed 
that S percent starch increased the rumen requirement f'or ,o_ne ,IOl' mor:e in-
. ' 
organic e..lements in alfalfa . ash. 
Calcium excretion in t~e feces of the animals fed corn oil followed 
a pattern similar ' to ash; it decre.·l3."sed from 15.2 to 14.5.gm. This finding 
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is not in agreement 'With other \.AJrkers (Grainger e.t .. al . ._., 1957.;. White et 
al., 1958; Tillman and Brethour, 1958; Davison and Woods, 1959). 
EXPERIMENT 3 
The purpose of this experiment was to study the effect o_f addition 
of calcium, in.agnesium or iron to a fermentation media. or .rumen fluid col-
lected from steers fed 10 percent corn .. oil in a wintering type. rat.ion .. of 
prairie hay and cottonseed meal. 
Experimental Procedure 
Four fistulated Angus steers, two sets of identical t~ins, were fed 
". :,;, ~· : . ' 
a wintering-type ration containing 900 gm oottons.eed meal and 5500 gm 
prairie hay. Op.e stee~ in each pair was .fed 700 gm .of corn oil in .add.i.tion. 
The steers were individually-fed the above rations in two equal amounts 
daily. Salt :was given free-choice. 
The apparatus and procedure used for these !!! -~ studies were 
similar to those described by Cheng et !J:. {l955). Into each of 24 fifty 
milliliter centrifuge tubes 120 mg of cellulose {Solka floe) was :weighed. 
These tubes were divided into four groups of six .. each. Six tubes were 
used as controls. The treatment groups were 2 mg additions of calcium 
carbonate, magnesium carbonate and ferric oxide. All minerals were re-
agent grade and weighings were made to the nearest 0.1 mg on a Mettler 
electronic balance. 
In four trials rumen fluid samples were alternately collected from 
the twin sets approximately f our hours after the morning feeding. These 
~· . ..:.-- . . 
samples were taken through a permanent rumen fistula a nq. strained through 
' 
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four layers ·of cheesecloth into thermos bottleawhich previously had .been 
wanned to 4000. 
The samples were immediately taken to the labo_rato:cy where they were 
centrifugated for 5 minutes at 475. X g. After being centrifuged, . the 
supern~tant material was strained through f.our layers of .. cheesecloth and 
25 ml of this material was added to each .tube.. One-hal.t' ... of the ... tubes in 
each treatment group were filled with rumen fluid .. fr.om ,ach. steer. 
After the rumen fluid had been added, the tubes were placed in a water 
bath set at 3900. and CO2 bubbled through the tubes for 48 . hours. The pur-
pose of the co2 was to maintain anaerobic conditions and also for agitation 
of the cellulose. Aft.er 4S hours the tubes were centrifuged at 600 X g for 
10 minutes and the supernatant material was then poured off. Twel;ve ml of 
glacial acetic acid and le 5 ml of ooncentrat.ed nitric acid .were added to 
each tube. The tubes were then placed .in .. a . boiling water bath for 20 min-
utes after which time they were removed, allowed. to c.ool and then empt.ied 
into Gooch crucibles having asbestos in the bottom to prevent the cellulose 
I 
from passing through. . F.ach tube was washe.d with 95 percent ethyl alcohol 
and benzene to remove all cellulose and to act as a .. solvent for substances 
other than cellulose so that they ni.p- pass . through.. the .. asbesto.s .. .filter. 
The crucibles were dried at 100°0. for 24 hours, then .. co.o4ed in a desiccator 
and weighed. After weighing they were ashed at 600°.c. for 24 hours, cooled 
and reweighed. 
Tubes used as "blanks" to determine cellulose digestion were selec.ted 
prior to placing the other tubes in the water .bath. One tube representing 
each treatment for each animal was centrifuged for 10 minutes ·at 3000 r.p. 
m., the supernatant liquid was poured off and 12 ml of glacial acetic acid 
was added. They were covered and left in the open fo_r the 48 hour period 
49 
corresponding to the time the other tubes were in the water bath, and then 
handled in the same manner as the other tubes. 
Results and Dis.cus.sion 
')'1 .... 
The average cellulose digestion for all .trials .. is .given in .Tabl.e. 9. 
The individual trial data are presented in Table VI, appendix: 
A highly significant (P < OoOl) difference in .. cellulo.se digestion was 
found when rations containing corn .oil wer.e compared. to rations. containing 
no corn oil. :Ten percent corn oil in the diet . was. fo.und to reduce .. ~ 
~ cellulose digestion from 76.8 to 20.7 percent. This is in agreement 
with the findin~s of Davison. and Woods (1959) .who. have. no.ted ! a d.ecr.ease in 
in vitro ce.llul.ose digestion due to corn oil. . It is al.so in agreement with 
the numerous workers who have noted a decrease. in ~ -z!!2. crude fiber di~ 
gestion due to corn oil feeding. 
The addition .of all three mineral sources to the rumen l i quor .fr.om 
steers rece:1.-ving 10 percent diet~ry fat increased .cellulose dige-stion . 
. "" . · · ' . 
The respective co·efficients for the contr.ol sample and 2 mg f~rric oxj,de 1 
calcium carbonate and magnesium carbonate were 20.7, 23.J, 40.5 and .. 28.8 
' 
percent, respectively. In the case of the iron addition the dif£erence 
was significant ." at the 5 percent level of probability:; . and in 'the case of 
the calcium ·and magnesium additions differences were ... significant at. the 
1 percent level. The latter finding is in agreement with Davison a:r:rl Woods 
(1959), who found ' that magnesium carbonate and calcium carbonate .were 
equally effective in partially alleviating the depressing effects of ~corn 
oil upon cellulose digestion in. vitro. 
Thus, it app.ears that corn oil increases · the mineral requirement for 
TABLE 9 
Average Cellulose Digesti<m Obtained From 
Artificial Rumen Studies in EXperiment 3 
Treatment 
Cellulose Digestion,% 
Basal J!iasal + corn oil 
Cellulose 76.8 20.7 
Cellulose + iron 66 .. o 23 .. 3 
Cellulose+ caloiU111. 73 .. 7 40 .. 5 










rumenmicroorganisms. Howeverl> more than.one mineral..is apparently involved 
as has been previously implied in Experiment 1. If the alleviating_ ei'fect 
of the minerals used in tl48 s'tudy was additive then.the addition,of these 
three minerals to a diet such as the one used in this experiment would 
greatly improve cellulose digestibility. 
The addition of ferric oxide to the rumen liquor of calves receiving 
no added fat in their diet significantly (P (Oo·Ol) reduced cellulose di-
gestion. 
effect. 
However9 the other two mineral additions had no·significant 
Hubbert tl aL (1958) found that artificial rumen· media.i contain-
ing no added iron supported higher cellulose.digestion than that containing 
iron1 and high levels of iron became extremely toxic. 
SUMMARY 
Digestion and nitrogen balance trials wer.e conducted to compare the 
effect of energy supplements on nitrogen utilization by steers fed a 
wintering-type ration containing 11 percent protein. Each of the supple-
ments ; glucose, starch and corn oi.J, added in an amount of 200 gm (5.6 per-
cent) to a basal ration of prairie hay, 3000 gm; cottonseed meal, 500; salt, 
25; and dicalcium phosphate, 2~ tended to increase nitrogen retention. 
Only the increase obtained with corn oil was statistically significant 
(P ( 0.05). However, when 400 gm (10.4 percent) of corn oil was added to 
a similar wintering-type ration containing 17 percent protein (350 gm 
Drackett protein and 454 gm cottonseed meal as supplement to the hay) 
nitrogen retention was essentially unchanged. This large amount of oil 
impaired digestion. 
Glucose in the amount of 5 percent increased the amount of digestible 
nitrogen-free extract, without adversely affecting the digestibility of 
protein or crude fiber . Starch had a similar effect . Corn oil in the 
amount of 5 percent also increased the amount of digestible organic matter 
largely through its con.tribution of digestible ether extract. Although 
the oil decreased digestibility of crude fiber and nitrogen-free extract 
such decreases were small being between 2 and .3 percentage units •. 
The nitrogen retention results are similar in some respects to those 
obtained with the same supplements added in equal and larger amounts to 
similar wintering-type ration3; increases in nitrogen retention were 
effected through a decrease in urinary nitrogen loss . 
53 
A decrease in .. c.ellulose digestion as a res1+1-t .0£. adding~.10 .. p.er.cent fat 
( corn oil) to a wint.e.r.ing.,.type .. ration :was demon~~r.a.t~d using: .!!:! vitro 
techniqueso This decre.as.e w.as partially allev.iat,ed PY- the addition of 
calcium, magnesium or irono 
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APPENDIX 
TABLE I 
Dai]y Nitrogen Balance and Biological Value Data for Experiment 1 
Intake Excretion Meta- Endo- True Absorbed Bio log-
Ra- Trial Steer Dry Nitro- Fecal Urinary Nitrogen bolic genous digest- N uti- ical 
tion no. no. matter gen N N retention N N ed N lized value 
gm gm gm gm gm % gm gm gm gm % 
Basal i 1 3627.8 99.2 29.6 61.3 8.4 8.4 19.2 7.9 88.9 35.5 39.9 
1 2 3627.8 99.2 39.1 49.3 10.8 10.9 19.2 7.5 79.4 37.5 47 .3 
1 5 3627.8 99.2 28.0 5o.6 20.6 20.8 19.2 7.0 90.5 46.9 51.8 
1 7 3627.8 99.2 30.4 48.7 20.1 20.2 19.2 7.5 88.1 46.8 53.2 
1 8 3627 .8 99.2 29.9 49.4 19.9 20.0 19.2 7.6 88.5 46.7 52.8 
1 10 3627.8 99.2 30.0 49.9 19.4 19.5 19.2 7.9 88 .5 46.5 52.5 
2 3 3561.2 96.9 26.7 52.9 17 .3 17.9 18.9 7.5 89.1 43.7 49.0 
2 4 3561.2 96.9 27.6 51.6 17.7 18.3 18.9 7.4 88.2 44.0 49.9 
2 6 3561.2 96.9 25.2 59.3 12.4 12.8 18.9 7.6 90.6 38.9 42.9 
2 9 3561.2 96.9 29.0 54.1 13.8 14.3 18.9 7.5 86.8 40.2 46.3 
2 11 3561.2 96.9 29.2 55.7 12.0 12.4 18.9 7.6 86.6 38.5 44.4 
2 12 3561.2 96.9 27.3 52.4 17.2 17.7 18.9 7.8 88.4 43.9 49.6 
Av. 3594.5 98.0 29.3 52.9 ]5.8 16.1 19.0 7.6 87 .8 42.4 48.3 
Basal + 1 3 4027.8 99.2 29.4 47.7 22.1 22.3 21.4 7.5 91.2 51.0 55.9 
corn oil 1 4 4027.8 99.2 31.5 44.2 23.5 23.7 21.4 7 .4 89.0 52.2 58. 7 
1 6 4027.8 99.2 34.5 49.2 15.5 15. 7 21.4 7.6 86.1 44.5 51.7 
1 9 4027. 8 99.2 31.5 52.4 15 .4 15.5 21.4 7.5 89.1 44.3 49.7 
1 11 4027.8 99.2 31.8 53. 8 13.6 13.8 21.4 7.6 88.8 42.6 47.9 
1 12 4027.8 99.2 31.4 48 .6 19.2 19.3 21.4 7.8 89.1 48.4 54.3 
2 1 3961.2 96.9 28.6 60.2 8.o 8.3 21.0 7.9 89.2 36.9 41.4 
2 2 3961.2 96.9 28.5 51.2 17.2 17. 7 21.0 7.5 89.4 45.6 5'1.I 
2 5 3961.2 96.9 28.q 53.3 15.6 16.1 21.0 7.0 89.9 43.6 48.5 \J1. 
2 7 3961.2 96.9 28.8 6o.5 7.6 7.9 21.0 7.5 89.1 36.1 40.5 '() 
2 8 3961.2 96.9 26.6 50.9 19.4 20.0 21.0 7.6 91.3 47.9 52.5 
2 10 3961.2 96.9 28.2 54.8 13.8 14.3 21.0 7.9 89.6 42.7 47.6 
Av. 3994.5 98.0 29.9 52.2 15.9 16.2 21.2 7.6 89.3 44.6 5o.o 
TABLE II 
Digestibility Data obtained with Steers fed the Basal 
and Supplemented Rations in Experiment 1 
= . ~-· ~ ==-~~ ~ _Jiggarent percent digestibility = 
Dry Nitrogen~ 
Ra= Trial Steer matter Fecal Calcium Dry Organic Crude Ether Crude free 





























































3561 .. 2 
356L,2 



















185 .. 8 
19.5.,4 
182 .. 2 
192 .. 8 
193 .. 1 
19102 
187.8 
180 .. 6 




191 .. 9 
204.0 
192.8 




207 .. 0 
195 .. 0 
205 .. 6 
188 .. 2 
198.,7 
gm 
16 .. 5 
13 .. 9 
16 .. 6 
17o7 
16 .. 6 




17 .. 2 
19.0 
19 .. 2 
17ol 
15.4 
14 .. 9 
15,.4 
16 .. 5 
16.8 
16 .. 9 
20 .. 8 
18 .. 3 
18 .. 8 





63 .. 1 




6·0 .. 2 
61.9 
63 .. 6 
63 .. 9 
61 .. 0 
62 .. 1 
62 .. 4 
55.5 
58 .. 4 
54 .. 9 
53.5 





56 .. 8 
55 .. 8 
55 .. 7 
55.2 
66e1l 






64 .. 6 
66.3 
·66 .. 4 























71 .. 5 
74 .. 0 
70ol 










70 .. 6 
71.1 
70 .. 3 
72 .. 5 
70.9 
69 .. 5 
78 .. 2 
74 .. 3 
71.,7 
58 .. 8 
52,.4 























64 .. 8 
69 .. 5 
67 .. 8 
66 .. 2 
62 .. 3 
67 .. 7 
68.8 
68 .. 6 
67 .. 3 
66 .. 1. 
6? .. l 
48.8 












62 .. 0 
65 .. 9 
60 .. 8 
62 .. 9 
62.8 
62.7 
60 .. 7 
61.0 
62 .. 9 
64.9 
61 .. 2 




50 .. 9 
46 .. 7 
46.6 
46.7 









62 .. 4 
61..4 
62 .. 5 
61 .. 6 
61 .. 1 




60 .. 6 




63 .. B 
63 .. 4 
62 .. 6 
63o5 









Daily Nitrogen Balance and Biological Value Data for Experiment 2 
Intake Excretion ··Meta- Endo- True Absorbed Biolog-
Ra- Trial Steer Dry Nitro- Fecal Urinary Nitrogen bolic genous digest- N ut i- ical 
tion no. no. matter gen N N retention N N ed N lized value 
gm gm gm gm gm % gm gm gm gm % 
Basal l 1 3340.7 62.4 26 .. 6 23.1 12.6 20.2 17.7 7 .. 2 53.5 37.6 70~3 
l 7 3340.7 62.h 26 .. 8 16.3 19 .. 2 30 .• 8 17.7 6.8 53.3 43.8 82.2 
2 6 3327.2 58.7 26 .. 1 20 .. 1 12.5 21.3 17.6 6.9 50.2 37 .. 0 73.7 
2 9 3327 .. 2 58 .. 7 26.8 16 .. 7 15.2 25.9 17.6 6.9 49.5 39.7 80 .. 2 
3 2 3317.9 62.2 26.h 26 .. 9 811>8 14.1 17.6 7.5 53.4 33.9 63 .. 5 
3 5 3317.9 62.2 26.7 25.0 10.4 16.7 17.6 7.1 53.1 35.2 66.3 
4 8 3319.8 52.9 24.9 26 .. 3 1.7 3.2 17.6 7 .. 1 45.6 26.4 57.9 
4 12 3319.8 52.9 25.8 25.8 __ 1.,3 2.5 17.6 7.2 44.,7 26.1 56.2 
Av. 3326.4 59.0 26.3 22.5 10.2 16.,8 17.6 7.1 50.4 35.0 68.8 
Basal+ l 2 3540.7 62 .. 4 26.4 19.5 16..5 26.4 18.8 7.5 54.B 42 .. 8 78 .. 1 
cerelose 1 5 3540.7 62.4 24.7 18.7 18.9 30.3 18.8 7 .1 56..5 44.9 79.5 
2 8 3527.2 58.7 27.5 18 .. 8 12.4 21.,l 18 .. 7 7.1 49,.9 38 .. 2 76.6 
2 12 3527.2 58 .. 7 27 .. 1 22.2 9.4 16.o 18.7 7.2 50 .. 3 35 .. 3 70.2 
3 6 3517.9 62.2 26.8 20.1 15.3 24.6 18 .. 6 6.9 54.0 40.8 75.6 
3 9 3517.9 62.2 27.0 22.6 12.6 20.3 18.6 6.9 53.8 38.1 10.8 
4 l 3519.8 52.9 25.7 24.2 3.0 5.1 18.7 7.2 45.9 28.9 63.0 
4 7 3519.8 52.9 25.o 24 .. 2 3.7 7.0 18.7 6.8 46.6 29.2 62.7 
Av. 3526.4 59.0 26 .. 3 21.3 11..S 18.9 18.7 7 .1 51.5 37 .. 3 72.1 
13asal + l 8 .. 3540. 7 62.4 . ,25.o 19.2 18.1 29.0 18 .. 7 7.1 56 .. 1 40.0 71.3 
· stt1rch' 1 12 · c:3546., f._ .. _ ·1;2.J{::;.c:-26.0 18.0 18.4 29.5 18.7 7.2 55.1 44.3 80.4 
2 2 3527.2 58.1 25 .. 7 20.6 12 •. 4 21.1 18.8 7.5 51.8 38. 7 74.,7 
2 5 3527.2 58.7 25.7 19.2 13.8 23.5 18.8 7.1 51..8 39.7 76.6 
°' 3 1 3517.9 62.2 27.2 21.9 13.0 20.9 18.7 7.2 53.7 39 .. 0 72 .. 6 1-,l 
3 7 3517.9 62.2 26.J 22.7,, 13 .. 2 21.2 18.7 6.8 54.6 38.7 10.9 
4 6 3519.8 52 .. 9 23.7 27 .. o~ ~2.3 4.3 18.6 6.9 47.8 27.7 51.9 
4 9 3519.8 52.9 24 .. 7 2206 ''i 5.7 10.8 18.6 6.9 46.8 31.1 66.5 
Av. 3526.4 59.0 25.5 21..4 12.1 20.0 18.7 1.1 52.2 37 .. 4 71.,4 
TABLE III (continued) 
Intake Excretion 
Ra- Trial Steer Dry Nitro- Fecal Urinary 
:tiQil D.Qa D.Qa ~±i:teJ;: gen N N 
gm gm gm gm 
Basal+ 1 6 3.540.7 62.4 25.5 19.h 
corn oil 1 9 3540.7 62.h 27.1 14.5 
2 1 3527 .. 2 58.7 26.8 18 .. 6 
2 7 3527.2 58. 7 27.1 16.7 
3 8 3517.9 62.2 26.9 23.0 
3 12 351709 62.2 2.5 .. 7 17.6 
4 2 3519.8 52 .. 9 26.8 2Jol 
4 5 3519.8 52.9 26 .. 2 23.3 
Av .. 3526.h 59 .. 0 26 • .5 l9o.5 
Meta- Endo-
Nitrogen bolic genous 
retention N N 
gm % gm gm 
17.h 27.9 1806 6.9 
20.8 33.3 18.6 6.9 
13.3 22.7 18.7 7.2 
14.8 2,.2 18.7 6.8 
12.J 19.8 18.7 _ '7 .1 
18.8 30.2 18.7 7.2 
3 .. 0 5.? 18 .. 8 7 .5 
3.4 6.4 18.8 7.1 
13.0 21.4 18.7 7.1 
True Absorbed Biolog-
digest- N uti- ical 
ed N lized value 
gm gm % 
55.5 43.0 77.5 
53.9 46.3 85.9 
50.9 39.2 77.0 
50.3 40.h 80.3 
54.0 38.i 70.6 
55.2 44.8 81.2 
44.9 29 .. 3 65.3 
4.5.5 29.3 64.4 
51.3 38.8 75.3 
°' I\) 
TABLE IV 
Digestibility Data Obtained with Steers Fed the Basal 
and SupplenBnted Rations in Experiment 2 
Apparent percent digestibility 
Dry Nitrogen-
Ra- Trial Steer matter Fecal Calcium Dry Organic Crude Ether Crude free % 
tion noo no. intake ash excretion matter matter protein extract fiber extract T.D.N. 
gm gm gm 
Basal l l 3340.7 195.6 18.6 58.5 61.5 57.4 48.l 63.2 62.l 5BS 
l 1 3340.7 189.6 15.6 57.5 60.2 56.9 47.2 60 .. 1 61.7 57 .. 3 
2 6 3327.2 186.4 16.o 51.2 59.5 55.7 44.7 59 .. 7 61.0 56.o 
2 9 3327.2 179.2 ].4.1 60.3 62.7 54.4 44.3 64.4 64.4 58 .. 9 
3 2 3317.9 191.3 12.8 59.4 62.1 57.6 49.0 64.8 62.l 58.6 
3 5 3317.9 191.7 14.4 61.3 64.2 57.0 56.o 69.5 63.0 60.7 
4 8 3319.8 171.7 J.4 .. 6 63.3 65.6 53.0 63.5 69.6 65.1 62.2 
4 12 3319.8 186.6 15.4 61.6 64.2 51.3 52.1 66.7 65.9 60.5 
Av. 3326.4 186..5 15.2 59.9 62.5 55.4 50.1 64.7 63.2 59.1 
Basal+ l 2 3540.7 186.3 
--
64.2 67.1 57.9 62.5 66.1 69.9 64.4 
oerelose l 5 3.540.7 179.9 -- 63.6 66.3 60.3 54.9 65.3 68.7 63.4 
2 8 3527.2 191.8 
--
62.9 65.7 53.1 43.6 66.4 68.8 61.9 
2 12 3527.2 175.5 
--
63.1 65.4 53.9 49.1 64.6 68.8 61.8 
3 6 3517.9 188.1 -- 63.3 66.1 57.0 46.7 66.7 68.5 62.2 
3 9 3517 .9 197.2 -- 59.9 62.7 56.1 31.0 64.0 64.6 58.8 
4 l 3519.8 177.4 -- 63.6 66.o 51.4 55.9 66.7 68.8 62.5 
4 7 3519.8 168.9 -- 66.o 68.4 52.8 6l.9 71.0 10.0 64.8 
Av. 3526.4 183.1 63.3 66.o 55.4 50.1 66.3 68.5 62.5· 
Basal+ 1 8 3540.7 179.5 
--
62.0 65.1 59.9 49.9 64.1 68 . 5 62.6 
starch 1 12 3540.7 180 .. 1 
--
60.7 64.4 58.5 56.8 63.2 66.6 61.6 o,.. .. 
2 2 3527.2 190.6 -- 62.7 65.4 56.3 44.9 64.4 68.7 61.7 \.,) ·' 
2 5 3527.2 181.2 -- 64.0 66.6 56S JiB.o 67.0 69.2 62.8 
3 1 3517.9 180.6 -- 63.3 65.9 56.2 47.1 68.o 67.6 62 .. 3 
3 7 3517.9 180.1 -- 62.6 65.1 57.7 46.3 61.8 67.3 60.4 
4 6 .. )519.8 158.1 -- 64.6 66.5 55.3 62.1 67.3 68.3 63.1 
4 9 3.519.8 171.1 -- 64.8 67.1 53.5 56.8 67.2 10.0 63.5 
Av,, 3526.4 177.7 63.1 65.B 56.7 51.5 65.4 68 .. 3 62.2 
TABLE IV ( continued) 
Dry 
Ra- Trial Steer matter 
t·ion no. no. intake 
gm 
Basal+ 1 6 3540.7 
corn oil 1 9 3540,o? 
2 1 3527.2 
2 7 3527 .. 2 
.3 8 3517 •. 9 
3 12 3517 .9 
4 2 3519.8 
4 5 3519.8 
Av. 3526.4 
Apparent percent digestibility 
Nitrogen-
Fecal Calcium Dry Organic Crude Ether Crude free % 
ash excretion matter matter Erotein extract fiber extract T.D.N. 
gm gm 
182.7 14~5 56.0 58.2 59.0 78.5 54.4 56.8 62.2 
176 .. 5 13.0 57.9 60.1 56.5 77.5 57.8 59.2 63.8 
177.5 15.o 60.6 62.8 54.4 78.6 62.3 62.2 65.8 
196.5 15.9 57.5 60.0 53.8 80.6 57.8 59.2 63.4 
185.3 13.7 58.9 61.3 56.7 80.3 62.6 60.0 65.4 
176.5 13.2 61.3 .63.6 58. 7 80.3 64.6 61.3 66.7 
172.6 14.5 64.1 66 .. 4 49.3 83.7 68.7 65.3 69.6 
167.7 16.2 63.9 66.o 50.4 85.4 66.8 65.3 69.4 

































































































Cellulose Digestion Data Obtained F.rom 
Artificial Rumen Studie.s im. Experiment 3 
66 
Basal Basal + · crnrn o:tl 
· Cellu- Cellu-
Cell1:1- lose + lose + 
lase Iro~ Calchun 
72.0 65.3 73.3 
Bo.5 62.0 73 .. 1 
81.8 69.5 73.1 
73.1 . 67.1 75.2 






22.7 23.5 58.2 
19.3 23.0 43.7 
23.6 25.2 34.h 
17.2 21.6 25.9 
20.2 23.3 40.5 
25.5 
30.5 
33 .. 2 
26.0 
28 .. 8 
TABLE VII 
Summary of Results Obtained at the Oklahoma Agricultural Experiment Station 
in Adding Carbohydrate and Fat Supplements to Wintering Rations for Steers 
~~~~~~.,~ ~=~~=~~~~~~~~~~~~~~~~~~~~~~~~~~~~~==~~~~~~--~~~~~~~~~~~~~~~ 
Source Intake Excnetion True 
of Dry ~~,= Fecal Ur:L.11aey digested Nitrogen 
Ener~y matter_ ___J3;up:plem~ = Protein Nit;r_Q.g__en N N N retention 
gm gm % % gm gm gm gm gm 
l· Basal ration-prairie hay 2.si 724 gm.sr cottonseed meal 270 gm.1> salt 25 gm1 dicalcium phosphate 
25 gm1 monosodium phosphate 10 gm., Average steer weight 515 lbso (Fontenot !!'._ ~o:, 1955) 
2884.1 0 ~O 8 .. 4 38 .. 5 18 .. 4 14 .. 0 35o4 6 .. 1 
Glucose 320409 350 llo6 7 .. 5 38 .. 6 l9o5 13ol 36 .. l 5o9 
3482.,2 700 23 .. 1. 6.9 38 .. J 2L4 12. l 35.,3 4. 7 
3757 oO 1050 34 .. 7 603 37 ,,9 21 .. 8 lL,8 35 o9 4o2 
2 Basal ration-prairie hay 2734 gmJt cottonseed meal 404 gm, salt 25 gm., steamed bonemeal 
16 gm1 monosodium phosphate 16 gm,, Average steer weight 540 lbs. (Fontenot ~ aL j 1955) 
2869,.3 







32 .. 9 
9 .. 8 
8.,.0 
7 .. 4 
44.,7 
45,.6 
45 .. 4 
20 .. 1 
23 .. 1 
23.8 
18 .. 0 






8 .. 7 
7,.8 
3 Basal ration-prairie hay 2734 gm$ cottonseed meal 600 gm, salt 25 gm., steamed bonemeal 
14 gm9 monosodium phosphate 8 gm. Average steer weight 530 lbs .. (Fontenot et ~o:. 1955) 
3096 .. 2 0 0 ll.8 58 .. 4 23 .. 0 22 .. 7 51.9 12.7 
Glucose 3719 .. 8 700 20,.7 9,.8 58.2 28.,0 17 .2 49,.9 13 .. 0 
4020 .. 4 1050 .31..1 809 57 .. 8 28 .. 3 15"7 50 .. 8 13 .. 8 
4 Basal ration-prairie hay 3000 gm, cottonseed meal 454 gm., salt 25 gm1 dicalcium 
phosphate 25 gm.. Average steer weight 483 lbs. (Robinson, 1958) 
Corn 3325 .. 3 0 0 9,.58 50 .. 6 22 .. 0 16 .. 3 46 .. l 12 .. 2 
3679,.6 572~/ l6o9 8 .. 62 50 .. 3 24.8 14 .. 2 45 .. o 11 .. 3 
°' -J 
TABLE VII (continued) 
.. ~- ~~~~~~~~--~~~~~~~~~-·~~~~~~~~-~~~~~~~~~~~~~~~= 
Source Intake Excretion True 
of Dry = - ·-Fecal Urinary digested Nitrogen 
~~.!'~ _ matt?r = = Supp3:-ement Protein Jitrogen N N _ N retention 








5 Basal ration=prairie hay 3000 gm_9, cottonseed meal 600 gm51 salt 25 gm51 dicalcium phosphate 
25 gmo Average steer weight 642 lbso (Hubbard» 1957) 








60 .. 6 
60 .. 6 
25 .. 2 
27.,4 
29 .. 7 
23 .. 5 
53 .. 2 
5306 
5 .. 6 
908 
6 Basal ration=prairie hay 3000 gm51 cottonseed meal 585 gm51 corn 323 gm., salt 25 gm, dicalcium 
phosphate 25 gm .. Average steer -weight 625 lbs .. (Hubbard 1957) 
3742 .. 7 0 0 10 .. 9 65 .. 1 27 .. 9 23 .. 2 57 .. 0 13 .. 9 
4182 .. 7 440 11 .. 1 9 .. 7 6.5.l 28 .. 6 22 .. 3 58 .. 7 J.4 .. 1 
1- :Basal ration=prairie hay 3000 gm9 cottonseed meal., 4.54 gm, Drackett 350 gm., salt 25 gm, 
dicalcium phosphate 25 gm" Average steer weight 612 lbs .. (Hubbard, Experiment I) 
3594..5 0 0 17.1 98oO 29.3 52.9 87 .. 8 15 .. 8 
3994..5 400 10 .. 4 15.4 98.0 29.9 52 .. 2 89 .. 3 15 .. 9 
s· Basal ration-prairie h..ay 3000 gm., cottonseed meal 454 gm, salt 25 gm., dicalcium phosphate 
25 gm. Average steer weight 508 lbs. (Robinson, 1958) 
3260.0 0 0 10.1 52 .. 4 23 .. 4 17.5 46 .. 2 11.5 
346li.O 200 5,.7 9.7 52 .. 6 23.9 15.5 47 .. 1 13.3 
°' 0) 
TABIB VII ( continued) 
~~~~~~~~~~~~,z;:::.~~ -===·-==-==-~~~-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Source Intake Excretion True 
of Dry ·==-~ Fecal Urinary digested Nitrogen 
~nergy matter SUJ2£lement Protein Nitrogen N N N retention 
gm gm % gm gm gm gm gm 
9 Basal ration=prairie hay 3000 gm9 cottonseed meal 500 gm9 salt 25 gm9 dicalcium phosphate 













5 .. 6 
5 .. 6 
5 .. 6 
llol 
10 .. 5 
10o5 
10 .. 5 
59 .. 0 
59o0 
59.,0 
59 .. 0 
26o3 
26 .. 3 
25.,5 
26 .. 5 




50 .. 4 
5lo.5 
52 .. 2 
,1 .. 3 
10 .. 2 
11.5 
12 .. 1 
13 .. 0 




Summary of Oklahoma Work ( Continued) 
It appears from the summary of results obtained at the Oklahoma 
Agricultural Experiment Station that nitrogen retention of steers fed a 
wintering-type ration of prairie hay and cottonseed meal can be increased 
by addition o:f energy supplements. However, the initial percent of protein 
in the ration as well as the percent of added supplement must be cmsideredo 
The addition of energy decreased urinary nitrogen in all of the 
experiments; however, it generally increased fecal nitrogen, the kind and 
level of energy supplement determining the magnitude of this increase. 
With glucose or starch as the supplement, the increase in fecal nitrogen 
excretion was roughly proportional to the amount added. With corn oil 
as the supplement, fecal nitrogen was not significantly affected. The 
magnitude and direction of the changes in nitrogen excretion were such 
that a high level (10 percent and above) of carbohydrate (glucose and 
starch) or a low level of corn oil (5 percent) significantly improved 
nitrogen retentiono A high level of corn oil (10 percent) and a low 
level of carbohydrate (5 percent, glucose and starch) had no significant 
effect on nitrogen retention; they decreased urinary nitrogen an 
insignificant amount o 
11True 11 digested nitrogen., or absorbed feed nitrogen, calculated 
by correction of total fecal nitrogen for metabolic nitrogen (5.3 gm. 
per kg dry matter) w~s not significantly altered by carbohydrate or 
fat additionso The constancy of these values within each experiment 
permits interpretation of decreases in urinary nitrogen values as 
representing, with few exceptions, improved utilization of absorbed 
feed nitrogen with each energy addition. To describe the results 
obtained with the high levels of carbohydrate as an expression of "the 
71 
protein-sparing action of carbohydrat,ie1', in the broadest sence of the term., 
would be a paradox, since at high lkivels., both glucose and starch while 
sparing nitrogen in metabolism wasted nitrogen in digestion. At low levels., 
carbohydrate did not waste nitrogen in digestion, but its sparing action in 
metabolism was not sufficient to effect a significant increase in nitrogen 
retention. Although high levels of corn oil had little if any effect on 
nitrogen digestion or metabolism., low levels significantly increased 
nitrogen retention by sparing nitrogen in metabolism while nitrogen 
digestion was not appreciably affected. Thus., low levels of corn oil 
could be said to have a true protein sparing action when added to a winter-
ing-type ration of prairie hay and cottonseed meal. 
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